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Section 1 - General 


1 


2.2 


2.3 


2.4 


Scope 


This System Description specifies the mechanical, physical and optical characteristics of 120 mm recordable optical 
discs with capacities of 4,7 Gbytes and 9,4 Gbytes. It specifies the quality of the recorded and unrecorded signals, the 
format of the data and the recording method, thereby allowing for information interchange by means of such discs. 
The data can be written once and read many times using a non-reversible method. These discs are identified as 
DVD-R. 


This System Description also specifies 80 mm discs with capacities of 1,46 Gbytes and 2,92 Gbytes. These discs shall 
have the same characteristics as the 120 mm discs, except for some parameters related to the smaller dimensions. АП 
parameters unique for the 80 mm discs are specified in Annex A. 

This System Description specifies 

— two related but different Types of this disc (see clause 7), 

— the conditions for conformance, 

— the environments in which the disc is to be tested, operated and stored, 


— the mechanical, physical and dimensional characteristics of the disc, so as to provide mechanical interchange 
between data processing systems, 


— the format of the information on the disc, including the physical disposition of the tracks and sectors, the error 
correcting codes and the coding method, 


— the characteristics of the signals recorded on the disc, thus enabling data processing systems to read the data from 
the disc. 


This System Description provides for the interchange of discs between optical disc drives. Together with a standard 
for volume and file structure, it provides for full data interchange between data processing systems. 


Conformance 
Optical Disc 
A claim of conformance with this System Description shall specify the Type implemented. An optical disc shall be 
in conformance with this System Description if it meets all mandatory requirements specified for its Type. 
Generating system 
A generating system shall be in conformance with this System Description if the optical disc it generates is in 
accordance with 2.1. 
Receiving system 
A receiving system shall be in conformance with this System Description 1f it is able to handle both Types of 
optical disc according to 2.1. 
Compatibility statement 


A claim of conformance by a Generating or Receiving system with this System Description shall include a 
statement listing any other standards supported. This statement shall specify the numbers of the standards, the 
optical disc types supported (where appropriate) and whether support includes reading only or both reading and 
writing. 


3 


4.1 


4.2 


4.3 


4.4 


4.5 


4.6 


4.7 


4.8 


4.9 


References 
ECMA-43: 8-bit Coded Character Set Structure and Rules (ISO/IEC 4873) 
ЕСМА-267: 120 mm DVD – Read-Only Disc 
ECMA-268: 80 mm DVD – Read-Only Disc 
ЕСМА-287: Safety of Electronic Equipment 


DVD+ReWritable, part 1, volume 1, Single Layer: 
DVD+RW 4,7 Gbytes, Basic Format Specifications, Royal Philips Electronics 


DVD+ReWritable, part 1, volume 2, Single Layer High Speed: 
DVD+RW 4,7 Gbytes, Basic Format Specifications, Royal Philips Electronics 
DVD+ReWritable, part 2, volume 1, Dual Layer: 
DVD+RW 8,5 Gbytes, Basic Format Specifications, Royal Philips Electronics 
DVD+Recordable, part 2, volume 1, Dual Layer: 

DVD+R 8,5 Gbytes, Basic Format Specifications, Royal Philips Electronics 


VCPS: Video Content Protection System for the DVD+R/+RW Video Recording Format, 
System Description, Royal Philips Electronics 








Definitions 
For the purpose of this System Description the following definitions apply: 


Channel bit 
The elements by which the binary values ZERO and ONE are represented by marks and spaces on the disc. 
Clamping Zone 
The annular part of the disc within which the clamping force is applied by the clamping device. 
Digital Sum Value (DSV) 
The arithmetic sum obtained from a bit stream by allocating the decimal value +1 to bits set to ONE and the 
decimal value —1 to bits set to ZERO. 
Disc Reference Plane 
A plane defined by the perfectly flat annular surface of an ideal spindle onto which the clamping Zone of the disc is 
clamped, and which is normal to the axis of rotation. 
dummy substrate 
A layer which may be transparent or not, provided for the mechanical support of the disc and, in some cases, of the 
recording layer as well. 
entrance surface 


The surface of the disc onto which the optical beam first impinges. 


field 


A subdivision of a sector. 


groove 


A trench-like feature of the disc, applied before the recording of any information, and used to define the track 
location. The groove is located nearer to the entrance surface than the so-called land in between the grooves. The 
recording is made on the groove. 


interleaving 


The process of reallocating the physical sequence of units of data so as to render the data more immune to burst 
errors. 


4.10 


4.11 


4.12 


4.13 


4.14 


4.15 


4.16 


4.17 


4.18 


4.19 


4.20 


4.21 


4.22 


4.23 


4.24 


mark 


A non-reversible feature of the recording layer which may take the form of less reflective area, a pit, or any other 
type or form that can be sensed by the optical system. The pattern of marks and spaces represents the data on the 
disc. 


Multi-session disc 


A disc containing more than one set of Lead-in/Intro, Data, and Lead-out/Closure Zones. 


Physical Sector 


The smallest addressable part of a track in the Information Zone of a disc that can be accessed independently of 
other addressable parts of the Zone. 


recording layer 
A layer of the disc on which data 1s written during manufacture and / or use. 
Reed-Solomon code (RS) 
An error detection and / or correction code. 
Reference velocity 
The Reference velocity is the linear velocity that results in the nominal Channel bit rate of 26,156 25 Mbit/s. 
Single-session disc 


A disc containing a Lead-in Zone, one Data Zone, and a Lead-out Zone. 


session 
A continuous part of the Information Zone of the disc consisting of a Lead-in or Intro Zone, a Data Zone and a 
Lead-out or Closure Zone. 

space 
A feature of the recording layer represented by any area between two marks which can be sensed by the optical 
system. The pattern of marks and spaces represents the data on the disc. 

substrate 
A transparent layer of the disc, provided for mechanical support of the recording layer, through which the optical 
beam accesses the recording layer. 

track 
A 360? turn of a continuous spiral. 

track pitch 


The distance between adjacent track centrelines, measured in a radial direction. 


VCPS 


VCPS (Video Content Protection System) defines a method to prevent unauthorized copying and/or redistribution 
of video data that is recorded in the DVD+R/+RW Video Format. 


wobble 


A continuous sinusoidal deviation of the track from the average centreline. Location information is included as 
phase modulated data in the wobble. 


Zone 


An annular area of the disc. 


5 Conventions and notations 
5.1 Representation of numbers 


A measured value may be rounded off to the least significant digit of the corresponding specified value. For 
instance, it implies that a specified value of 1,26 with a positive tolerance of + 0,01 and a negative tolerance of 
- 0,02 allows a range of measured values from 1,235 to 1,274. 


Numbers in decimal notations are represented by the digits 0 to 9. 
Numbers in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in parentheses. 
The setting of bits is denoted by ZERO and ONE. 


Numbers in binary notations and bit patterns are represented by strings of digits 0 and 1, with the most significant 
bit shown to the left. In a pattern of n bits, bit b, у shall be the most significant bit (msb) and bit bọ shall be the 
least significant bit (Бр). Bit b,, | shall be recorded first. 


Negative values of numbers in binary notation are given as Two's complement. 


In each data field, the data is recorded so that the most significant byte (MSB), identified as Byte 0, shall be 
recorded first and the least significant byte (LSB) last. 


In a field of 8n bits, bit Ъ(8л-1) shall be the most significant Би (msb) and bit Бо the least significant bit (156). 
Bit Ъ(8л-1) shall be recorded first. 


5.2 Names 


The names of entities, e.g. specific tracks, fields, etc., are given with an initial capital. 


6 List of acronyms 
а.с. alternating current NRZ Non Return to Zero 
ADIP Address in Pre-groove NRZI Non Return to Zero Inverted 
ASM Asymmetry NSL Normalized Slicing Level 
BP Byte Position NWPW Normalized Write Power Window 
BPF Band Pass Filter OPC Optimum Power Control 
CAV Constant Angular Velocity OTP Opposite Track Path 
CLD Constant Linear Density PAA Physical Address in ADIP 
CLV Constant Linear Velocity PBS Polarizing Beam Splitter 
em current mark PI Parity of Inner-code 
d.c. direct current PLL Phase Locked Loop 
DCB Disc Control Block PO Parity of Outer-code 
DCC d.c. component suppression Control PP Push-Pull 
DSV Digital Sum Value pp peak-to-peak 
ECC Error Correction Code ps previous space 
EDC Error Detection Code PSN Physical Sector Number 
EI Extended Information PTP Parallel Track Path 
HF High Frequency RIN Relative Intensity Noise 
ID Identification Data RPM Revolutions Per Minute 
IED ID Error Detection code RS Reed-Solomon code 
LPF Low Pass filter RSV Reserved 
LSB Least Significant Byte (in use by specific applications) 
Isb Least Significant Bit RUN Recording UNit 
LSN Logical Sector Number SDCB Session DCB 
MSB Most Significant Byte SNR Signal to Noise Ratio 
msb Most Significant Bit SYNC Synchronization code 


NA Numerical Aperture TOC Table of Contents 


7 General description of the optical disc 


The optical disc that is the subject of this System Description consists of two substrates bonded together by an 
adhesive layer, so that the recording layer(s) is (are) on the inside. The centring of the disc 1s performed on the edge of 
the centre hole of the assembled disc on the side currently accessed. Clamping is performed in the Clamping Zone. 
This System Description provides for two Types of such discs. 


Type 55 consists of a substrate, a single recording layer and a dummy substrate. The recording layer can be 
accessed from one side only. The capacity is 4,7 Gbytes for the 120 mm sized disc and 1,46 Gbytes for 
the 80 mm sized disc. 


Type D10 consists of two substrates and two recording layers. From each side of the disc only one of the 
recording layers can be accessed. The capacity 15 9,4 Gbytes for the 120 mm sized disc and 2,92 
Gbytes for the 80 mm sized disc. 


Data can be written onto the disc as marks in the form of low-reflective spots in the recording layer with a focused 
optical beam. The data can be read with a focused optical beam, using the difference in the reflectivity between 
recorded marks and unrecorded spaces. The beam accesses the recording layer through a transparent substrate of the 
disc. 


Figure 1 shows schematically the two Types. 
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Figure 1 - Types of DVD-R disc 


8 General Requirements 
8.1 Environments 
8.1.1 Test environment 
In the test environment, the air immediately surrounding the disc shall have the following properties: 





temperature :23?C € 2?C 
relative humidity : 45 % to 55 96 
atmospheric pressure : 60 kPa to 106 kPa 


No condensation on the disc shall occur. Before testing, the disc shall be conditioned in this environment for 
48 h minimum. It is recommended that, before testing, the entrance surface of the disc shall be cleaned 
according to the instructions of the manufacturer of the disc. 


Unless otherwise stated, all tests and measurements shall be made in this test environment. 


8.1.2 


8.1.3 


8.1.4 


8.2 


8.3 


8.4 


9.1 


Operating environment 


This System Description requires that a disc which meets all requirements of this System Description in the 
specified test environment shall provide data interchange over the specified ranges of environmental parameters 


in the operating environment. 


The operating environment is the environment where the air immediately surrounding the disc shall have the 


following properties: 


temperature 

relative humidity 
absolute humidity 
atmospheric pressure 
temperature gradient 
relative humidity gradient 


: 5°C to 55 °C 

:3 % to 85 96 

1 g/m? to 30 g/m? 
: 60 kPa to 106 kPa 
: 10 °C/h max. 

: 10 9o/h max. 


No condensation on the disc shall occur. If the disc has been exposed to conditions outside those specified in 
this clause, it shall be acclimatized in an allowed operating environment for at least 2 h before use. 


Storage environment 


The storage environment is defined as the environment where the air immediately surrounding the disc shall 


have the following properties: 


temperature 

relative humidity 
absolute humidity 
atmospheric pressure 
temperature gradient 
relative humidity gradient 


No condensation on the disc shall occur. 


Transportation 


: -10 °C to 55 °C 

: 3 % to 90 96 

1 g/m? to 30 g/m? 
: 60 kPa to 106 kPa 
: 15 ?C/h max. 

: 10 9o/h max. 


This System Description does not specify requirements for transportation; guidance is given in Annex O. 


Safety requirements 


The disc shall satisfy the safety requirements of Standard ECMA-287, when used in the intended manner or in any 


foreseeable use in an information processing system. 


Flammability 


The disc and its components shall be made from materials that comply with the flammability class for HB 
materials, or better, as specified in Standard ЕСМА-287. 


Light fastness 


The disk and its components should be made from materials that are able to withstand a certain amount of light. A 
method of testing such light fastness is given in Annex N. 


Reference Drive 


The Reference Drive shall be used for the measurement of optical parameters for conformance with the requirements 
of this System Description. The critical components of this device have the characteristics specified in this clause. 


Optical system 


The basic set-up of the optical system of the Reference Drive used for measuring the write and read parameters is 
shown in Figure 2. Different components and locations of components are permitted, provided that the performance 


remains the same as that of the set-up in Figure 2. 


The optical system shall be such that the detected light reflected from the entrance surface of the disc 1s minimized 
so as not to influence the accuracy of the measurements. 


The combination of polarizing beam splitter C and а quarter-wave plate D shall separate the entrance optical beam 
from the laser diode A and the reflected optical beam from the optical disc F. The beam splitter C shall have a 
p-s intensity reflectance ratio of at least 100. 








Read Channel 1 





Read Channel 2 


Tangential 
track 
direction 





A Laser diode F Optical disc 

B Collimator lens G 4 quadrant photo detector 

C Polarizing beam splitter H,, Н), H4, Н, d.c. coupled amplifiers 

D Quarter-wave plate То 1,1 la Output currents from photo detector G 
E Objective lens I, Summed output currents of На, Н, 


Figure 2 - Optical system of the Reference Drive 


9.2 Optical beam 


The focused optical beam used for writing and reading data shall have the following properties: 


a) 


b) 
с) 


4) 
е) 


+ 10 nm 
Wavelength (Х) 655 nm = (ѕее Аппех К) 
nm 


Numerical aperture of the objective lens (NA) 0,65 + 0,01 


The objective lens shall be compensated for spherical aberrations caused by a parallel substrate with nominal 
thickness (0,6 mm) and nominal refractive index (1,55). 


Wave front aberration 0,033 x A rms max. 

Light intensity at the rim of the pupil of the 35 % to 50 % of the maximum intensity 

objective lens in the radial direction and 45 % to 60 % 
in the tangential direction. 

Polarization of the light circular 

Read power (average) 0,7 mW + 0,1 mW 


(d.c. or HF modulated with a frequency “400 MHz) 
Write power and pulse width see Annex G 
Relative Intensity Noise (RIN )* of the laser diode -134 dB/Hz max. 
*RIN (dB/Hz) = 10 log [(a.c. light power density / Hz) / d.c. light power] 


9.3 Read channel 1 


Read channel 1 shall be provided to generate signals from the marks and spaces in the recording layer. This Read 
channel shall be used for reading the user-written information, using the change in reflectivity of the marks and 
spaces. The read amplifiers after the photo detectors in the Read channel shall have a flat response within 1 dB 
from d.c. to 20 MHz. 


For measurement of jitter, the characteristics of the PLL and the slicer, etc. are specified in Annex E. 


9.4 Disc clamping 


For measuring, the disc shall be clamped between two concentric rings covering most of the Clamping Zone (see 
10.5). The top clamping area shall have the same diameters as the bottom clamping area (Figure 3). 


dout 


din 


disc 


Fy 


а 


Figure 3 - Clamping and chucking conditions 


Clamping shall occur between 


+0,5mm _ +0,0mm 
din =22,3mM nm and dout =32,7 MM (у 


The total clamping force shall Бе Еј = 2,0 N 0,5 N. In order to prevent warping of the disc under the moment of 
force generated by the clamping force and the chucking force F, exerted on the rim of the centre hole of the disc, 
F, shall not exceed 0,5 N (see Figure 3). 


The tapered cone angle, a, shall be 40,0? + 0,5“. 
9.5 Rotation of the disc 


The actual rotation speed for reading the disc shall be such that it results in the Reference velocity of 
3,49 m/s + 0,03 m/s at the nominal Channel bit rate of 26,156 25 Mbit/s. The direction of rotation shall be counter- 
clockwise when viewed from the objective lens. 


The actual rotation speed (vactua]) for writing the disc shall be such that it includes all Primary and Upper velocities 
for which parameters are specified in the Physical format information in the ADIP Aux Frames in the Lead-in Zone 
of the disc (see 14.4.1.1 and 14.4.2). 


Note: the rotational speed of the disc is depending on the radial position: angular velocity — 60 x Zestal RPM 
TXT 


When testing the disc the actual speed is limited such that the angular velocity does not exceed 10 000 RPM. 


9.6 Wobble channel (Read channel 2) 


Read channel 2 of the drive provides the wobble signals to control the access to addressed locations on the disc 
during writing. The wobble signal is generated in Read Channel 2 as a signal (1) - Jy) related to the difference in 
the amount of light in the two halves of the exit pupil of the objective lens. The read amplifiers after the photo 
detectors in the Read channel shall have a flat response within 1 dB from d.c. to 20 MHz. 


9.7 Tracking channel (Read channel 2) 


Read channel 2 of the drive provides the tracking error signals to control the servos for radial tracking of the 
optical beam. The radial tracking error is generated in Read Channel 2 as а signal (11 - 15) related to the difference 
in the amount of light in the two halves of the exit pupil of the objective lens. 


The method of generating the axial tracking error is not specified for the Reference Drive. 


9.8 Reference servo systems 


9.8.1 Normalized servo transfer function 


The open-loop transfer function, H (iœ) for the axial and radial tracking servos is given by equation (1), 





310 
2 pana 
H,(io)- (29) 0 (1) 
3 10 1+ 19 
300 
where 
i-X-1 
o=2nf 
вс = 2n fg 


and fg is the 0 dB crossover frequency of the open-loop transfer function. 
The crossover frequencies of the lead-lag network of the servo are 


lead break frequency: — f, =fo/3 


lag break frequency: h=fox3 


Another frequency of importance is the frequency fy at which a sinusoidal displacement with an amplitude equal 
to the maximum allowed residual tracking error e corresponds to the maximum expected acceleration 
This frequency can be calculated as follows: 


1 Га 
fx =— | Max 
27 V Cmax 


Because the tracking error signals from the disc can have rather large variations, the tracking error signal fed 
into each reference servo loop shall be adjusted to a fixed level (effectively calibrating the total loop gain), such 
to guarantee the specified bandwidth. 


max? ах у 
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9.8.2 Reference Servo for Axial Tracking 


The crossover frequency of the normalized servo transfer function (H,) for axial tracking, fg = @ o / (27) shall be 
given by equation (2), where олу 15 the maximum expected axial acceleration of 8,0 m/s^, which is multiplied 


by a factor m = 1,5 for servo margin. The tracking error e caused by this mx shall be 0,20 um. 


max? ах ? 


Thus the crossover frequency fo shall be given by 


jc. pe 2 pm ecd Ми Q) 
кеш 2x1|020x10- 








For an open loop transfer function H of the Reference Servo for axial tracking, | 1+H | is limited as 
schematically shown by the shaded region of Figure 4. 


Bandwidth from 100 Hz to 10 kHz 

| 1+H| shall be within 20% of |1+H,|. 

Bandwidth from 26 Hz to 100 Hz 

| 1+H | shall be within the limits enclosed by the following four points. 
1)41,7dBat100Hz — (| 1+H, | at 100 Hz - 20% ) 

2) 45,2 dBat 100Hz (| 1+H,| at 100 Hz + 20% ) 

3) 65,1 dB at 26 Hz (| 1+H,| at 26 Hz - 20% ) 

4) 85,1 dB at 26 Hz (| 1+H,| at 26 Hz - 20% + 20 dB ) 
Bandwidth from 9,5 Hz to 26 Hz 

| 1+H | shall be between 65,1 dB and 85,1 dB. 





Gain (dB) 


85,1 
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Figure 4 - Reference servo for axial tracking 


9.8.3 


е 


Reference Servo for Radial Tracking 


The crossover frequency of the normalized servo transfer function (Hg) for radial tracking, fy = о o / (27) shall 


be given by equation (3), where аа is the maximum expected radial acceleration of 1,1 m/s?, which 1s 








multiplied by a factor m = 1,5 for servo margin. The tracking error e,,,,, caused by this холах shall be 
0,022 um. 
Thus the crossover frequency fo shall be given by 
де 1 ЈЗхтхарџах _ 1 315 а кна Q) 
2n Émax 27 \ 0,022 x107 


For an open loop transfer function H of the Reference Servo for radial tracking, |1+H| is limited as 
schematically shown by the shaded region of Figure 5. 


Bandwidth from 100 Hz to 10 kHz 
| I-H | shall be within 20% of] 1+Н, |. 
Bandwidth from 28,2 Hz to 100 Hz 





| 1+H | shall be within the limits enclosed by the following four points. 
1) 43,7 dBat100Hz — (|1-H,l at 100 Hz - 20% ) 

2)47,2 dBatl00Hz _ (| 1+H,| at 100 Hz + 20% ) 

3) 65,6 dB at 28,2 Hz — (|14H,| at 28,2 Hz - 20%) 

4) 85,6 dBat282 Hz — (| 1+H, | at 28,2 Hz - 20% + 20 dB ) 
Bandwidth from 9,5 Hz to 28,2 Hz 

|1+Н | shall be between 65,6 dB and 85,6 dB. 
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Figure 5 - Reference servo for radial tracking 
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Section 2 - Dimensional, mechanical and physical characteristics of the disc 


10 Dimensional characteristics 


Dimensional characteristics are specified for those parameters deemed mandatory for interchange and compatible use 
of the disc. Where there is freedom of design, only the functional characteristics of the elements described are 
indicated. The enclosed drawing, Figure 6 shows the dimensional requirements in summarized form. The different 
parts of the disc are described from the centre hole to the outside rim. 
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Figure 6 - Physical disc dimensions 


EE P 


10.1 Reference Planes 


The dimensions are referred to two Reference Planes P and Q. 


Reference Plane P is the primary Reference Plane. It is the plane on which the bottom surface of the Clamping 
Zone rests (see 10.5). 


Reference Plane Q is the plane parallel to Reference Plane P at the height of the top surface of the Clamping Zone 
(see Figure 6). 


10.2 Overall dimensions 


The disc shall have an overall diameter (for 80 mm disc see Annex A) 


d, = 120,00 mm + 0,30 mm 





The centre hole of a substrate or a dummy substrate shall have a diameter (see Figure 7) 


+0,15mm 
—0,00mm 


A substrate = 15,00 mm 
The hole of an assembled disc, i.e. with both parts bonded together, shall have a diameter 
dy = 15,00 mm min. 


у substrate 
































ФК N 
622 5 « N 


dsubstrate 
Figure 7 - Hole diameters for an assembled disc 
The corners of the centre hole shall be free of any burrs or sharp features and shall be rounded off or chamfered by 
hs = 0,1 mm max. 
The thickness of the disc shall be 


+0,30mm 


еј =1,20 mm (o nm 


10.3 First transition area 
In the area defined by 4. and 
dz = 16,0 mm min. 


the surface of the disc 1s permitted to be above Reference Plane P and/or below Reference Plane Q by 0,10 mm 
max. 


10.4 Second transition area 
This area shall extend between diameter d} and diameter 
d4 = 22,0 mm max. 


In this area the disc may have an uneven surface or burrs up to 0,05 mm max. beyond Reference Planes P and/or Q. 
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10.5 Clamping Zone 
This Zone shall extend between diameter d4 and diameter 
ds = 33,0 mm min. 


Each side of the Clamping Zone shall be flat within 0,1 mm. The top side of the Clamping Zone, i.e. that of 
Reference Plane О shall be parallel to the bottom side, i.e. that of Reference Plane P within 0,1 mm. 


In the Clamping Zone the thickness е, of the disc shall be 


0,20 mm 
—0,10mm 


ез =1,20 mm 
10.6 Third transition area 
This area shall extend between diameter 25 and diameter 
dg = 44,0 mm max. 
In this area the top surface is permitted to be above Reference Plane Q by 
һу = 0,25 mm max. 
or below Reference Plane О by 
hy = 0,10 mm max. 
The bottom surface is permitted to be above Reference Plane P by 
h3 = 0,10 mm max. 
or below Reference Plane P by 
h4 — 0,25 mm max. 
10.7 Information Zone 
The Information Zone shall extend from diameter dg to diameter 
47 = 117,5 mm min (for 80 mm disc see Annex А). 


This Zone consists of the Lead-in Zone, the Data Zone, the Lead-out Zone and the Inner and Outer Drive Areas 
(see also clause 15). 


10.8 Rim area 
The rim area is that area extending from diameter d^ to diameter dj. In this area the surfaces are permitted to both 
extend beyond Reference Plane Q or Reference Plane P 
hg = 0,1 mm max. 
The outer corners of the disc shall be free of any burrs or sharp features and shall be rounded off or chamfered by 


h7 = 0,2 mm max. 


10.9 Remark on tolerances 


All heights specified in the preceding clauses and indicated by h; are independent from each other. This means that, 
for example, if the top surface of the third transition area is below Reference Plane О by up to Ло, there is no 
implication that the bottom surface of this area has to be above Reference Plane P by up to Ла. Where dimensions 
have the same - generally maximum - numerical value, this does not imply that the actual values have to be 
identical. 


1 
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Mechanical characteristics 


11.1 Mass 


The mass of the disc shall be in the range of 13,0 g to 20,0 g (for 80 mm disc see Annex A). 


11.2 Moment of inertia 


The moment of inertia of the disc, relative to its rotation axis, shall not exceed 0,040 gm? (for 80 mm disc see 
Annex A). 


11.3 Dynamic imbalance 


The dynamic imbalance of the disc, relative to its rotation axis, shall not exceed 2,5 g-mm (for 80 mm disc see 
Annex A). 


11.4 Axial runout 


11.4.1 


11.4.2 


When measured by the optical system with the Reference Servo for axial tracking, the disc rotating at the 
Reference velocity of 3,49 m/s (see 9.5), the deviation of the recording layer from its nominal position in the 
direction normal to the Reference Planes shall not exceed 0,30 mm. 


Some explanation about the use of the Reference Servo as a measurement tool and the way to translate the 
measurement results to a practical implementation for a high-speed servo is given in Annex L. 
Tracking requirements at the Reference velocity (CLV) 


The residual tracking error below 10 kHz, measured on the blank disc using the Reference Servo for axial 
tracking and the disc rotating at the Reference velocity, shall not exceed 0,13 шт (displacement of the objective 
lens needed to move the focal point of the optical beam onto the recording layer). 


The measuring filter shall be a Butterworth LPF, f. СЗ dB): 10 kHz, with slope : -80 dB/decade. 
Tracking requirements at 3000 RPM (CAV) 
Discs suited to be recorded at speeds 5 4 x the Reference velocity, shall also fulfill the following requirement: 
the residual tracking error below 10 kHz, measured on the blank disc using the Reference Servo for axial 
tracking and the disc rotating at a fixed rotational speed of 3000 RPM, shall not exceed Eax(r) um, where 


Еах is a function of the radius r according to the following specifications: 


forr <29mm:  Egxy(7)-0,20 um 
З 2. 
forz29mm: E,,(r)= (=) х0,20 шп with r expressed in mm. 
Discs suited to be recorded at speeds > 8 x the Reference velocity, shall furthermore fulfil the following 
requirement, additional to the requirement above: 
the residual tracking error shall not exceed 0,40 шп at any radius. 


If present, the 50 Hz component shall be removed from the residual tracking error before applying these 
requirements (e.g. by software processing of the sampled measurement data). 


7 е 


11.5 Radial runout 
The runout of the outer edge of the disc shall not exceed 0,30 mm peak-to-peak. 
The radial runout of tracks shall not exceed 70 шп peak-to-peak. 


Some explanation about the use of the Reference Servo as a measurement tool and the way to translate the 
measurement results to a practical implementation for a high-speed servo is given in Annex L. 


11.5.1 Tracking requirements at the Reference velocity (CLV) 


The residual tracking error below 1,1 kHz (= fx as defined in 9.8), measured on the blank disc using the 
Reference Servo for radial tracking and the disc rotating at the Reference velocity of 3,49 m/s (see 9.5), shall not 
exceed 0,015 шт. 


The measuring filter shall be a Butterworth LPF, f, СЗ dB) : 1,1 kHz, with slope : -80 dB/decade. 


The rms noise value of the residual error signal in the frequency band from 1,1 kHz to 10 kHz, measured with an 
integration time of 20 ms, using the Reference Servo for radial tracking, shall not exceed 0,016 jum. 
The measuring filter shall be a Butterworth BPF, 


frequency range (-3 dB) : 1,1 kHz, with slope : +80 dB/decade 
to : 10 kHz, with slope : -80 dB/decade. 


11.5.2 Tracking requirements at 3000 RPM (CAV) 
Discs suited to be recorded at speeds > 4 x the Reference velocity, shall also fulfill the following requirement: 
the residual tracking error below 10 kHz, measured on the blank disc using the Reference Servo for radial 
tracking and the disc rotating at a fixed rotational speed of 3000 RPM, shall not exceed Е;аа (r) um, where 


Eraq is a function of the radius r according to the following specifications: 


forrz29 mm: Ега (r) = 0,025 um 
j 2 
forz29mm: E,,4(r)= (5) х 0,025 um with r expressed in mm. 


Discs suited to be recorded at speeds > 8 x the Reference velocity, shall furthermore fulfil the following 
requirement, additional to the requirement above: 


the residual tracking error shall not exceed 0,055 um at any radius. 


If present, the 50 Hz component shall be removed from the residual tracking error before applying these 
requirements (e.g. by software processing of the sampled measurement data). This process effectively removes 
the influence of the pure eccentricity of the disc. 
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12 Optical characteristics in the Information Zone 
12.1 Index of refraction 
The index of refraction of the substrate in the Information Zone shall be 1,55 + 0,10. 


12.2 Thickness of the substrate 


The thickness of the substrate, from the entrance surface to the recording layer, varies with the index of refraction 
of the substrate and shall be defined as the enclosed region in Figure 8. 





Thickness 
(mm) (1,45; 0,633) 
(1,56; 0,620) 
0,620 (1,65; 0,620) 
0,600 
(1,45; 0,593) 
0,580 (1,65; 0,580) 


(1,56; 0,580) 





1,40 1,50 1,60 1,70 
Index of refraction 


Figure 8 - Thickness of the substrate 


12.3 Reflectivity 


The double-pass optical transmission of the substrate and the reflectivity of the recording layer are measured 
together as the reflectance R of the disc. When measured according to Annex C the value of R shall be 


in the Information Zone 45% < Ка < 85% in the unrecorded groove 


45% € Ry gy < 85% in the recorded groove 


The product of the reflectance of the unrecorded groove Rg and the optimized write power Ppeak for the write 
strategy concerned (see 29.3.2) shall fulfil the following requirement: 


Ppeak max forà < А for write strategy concerned 
реак | IND gy x9 mW 





Ка x actual Ppeak < - - 
Ppeak max for X < Àp for basic write strategy 


12.4 Birefringence 


The birefringence of the substrate shall not exceed 60 nm when measured according to Annex D. 
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12.5 Angular deviation 


The angular deviation is the angle а: between a parallel incident beam perpendicular to the Reference Plane P and 
the reflected beam (see Figure 9). The incident beam shall have a diameter in the range 0,30 mm to 3,0 mm. This 
angle а. includes deflection due to the entrance surface and to the unparallelism of the recording layer with the 
entrance surface. 


Substrate 







Recording layer 


Entrance surface 


Reflected beam 


Incident beam 


Figure 9 - Angular deviation a 
The angular deviation shall be 
In radial direction : |0] = 0,70? тах. 
The variation of а, in radial direction over one revolution shall be 0,80° peak-to-peak max. 


In tangential direction : |0] = 0,30? max. 
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Section 3 - Format of information 


13 Data format 


The data received from the host, called Main Data, is formatted in a number of steps before being recorded on the 
disc. 


It is transformed successively into 

— a Data Frame, 

— a Scrambled Frame, 

— an ECC Block, 

- 16 Recording Frames, 

— 16 Physical Sectors, 

- a Recording Unit. 

These steps are specified in the following clauses. 


13.1 Data Frames 


A Data Frame shall consist of 2 064 bytes arranged in an array of 12 rows each containing 172 bytes (Figure 10). 
The first row shall start with three fields, called Identification Data (ID), ID Error Detection Code (IED), and RSV 
bytes, followed by 160 Main Data bytes. The next 10 rows shall each contain 172 Main Data bytes, and the last 
row shall contain 168 Main Data bytes followed by four bytes for recording an Error Detection Code (EDC). The 2 
048 Main Data bytes are identified as Do to О» 947. 








« 172 bytes 


bytes bytes bytes 














ID ПЕР RSV Main data 160 bytes ( Do - Пло) 
Main data 172 bytes (Р - D331 ) 
Main data 172 bytes ( D332 - Dso3 ) 
Main data 172 bytes ( О; - [675 ) 
Main data 172 bytes ( Des - Озат) 
Main data 172 bytes ( Dsas - Dioio ) 
Main data 172 bytes ( Dio - Di ioi ) 
Main data 172 bytes ( Dı 192 - D1363 ) 
Main data 172 bytes ( Di 364 - Di 535 ) 
Main data 172 bytes ( Di 55 - Dı 707 ) 
Main data 172 bytes ( Dı 108 - Р. воо) 
у Main data 168 bytes ( Di sso - D2047 ) EDC 
| 4 bytes | 

















12 rows 

















Figure 10 - Data Frame 
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13.1.1 Identification Data (ID) 


This field shall consist of four bytes, the bits of which are numbered consecutively from Бо (lsb) to Ба] (msb), 
see Figure 11. 


(msb) b 31 ba, b» bo (Isb) 


Sector Information Physical Sector Number 





bai b3o b29 bos baz bos b25 Ба 
Sector format Tracking Reflectivity Reserved Zone Data Layer 
type method type type number 
Figure 11 - Identification Data (ID) 


The bits of the most significant byte, the Sector Information, shall be set as follows: 


Bit b34 shall be set to ZERO, indicating a CLD format 

Bit b30 shall be set to ZERO, indicating pit tracking capability (see 31.2.5) 

Bit b29 shall be set to ZERO indicating that the reflectance 1s greater than 40 90 
Bit bzg shall be set to ZERO 


Bits b27 to bog ^ shall be set to 


ZERO ZERO in the Data Zone 
ZERO ONE in the Lead-in Zone 
ONE ZERO in the Lead-out Zone 


Bit b25 shall be set to ZERO, indicating read only data. 


Bit b24 shall be set to ZERO, indicating that through an entrance surface only one recording layer 
can be accessed 


The least significant three bytes, bits 623 to Бо , shall specify the Physical Sector Number in binary notation. 
The Physical Sector Number of the first Physical Sector of an ECC Block shall be an integer multiple of 16. 


13.1.2 ID Error Detection Code (IED) 


When identifying all bytes of the array shown in Figure 10 as C; j for i = 0 to 11 and j = 0 to 171, the bytes of 
IED are represented by Со j for j — 4 to 5. Their setting 1s obtained as follows. 


5 . 
IED(x) = У Соух?! = I(x) x? mod GE(x) 
j=4 
where 


3 
x)= У Сојх“ | and Gp(x) = (x4 Dx o) 
j=0 





a is the primitive root of the primitive polynomial Р(х) =x" +x ^x" *x^4d 


13.1.3 RSV 


This field shall consist of 6 bytes. The first byte may be set by the application. If not specified by the 
application, it is reserved and shall be set to (00). The remaining 5 bytes are reserved and shall all be set to (00). 
Under no circumstance may other data received from the host be recorded in this field. 


Circumvention: Recorders and recording drives shall be considered as circumvention devices when these are 
produced to record, or can easily be modified to record, in any manner, a user-defined number in this field. 


„929 


13.1.4 Error Detection Code (EDC) 


This 4-byte field shall contain the parities of an Error Detection Code computed over the preceding 2 060 bytes 
of the Data Frame. Considering the Data Frame as a single bit field starting with the most significant bit of the 
first byte of the ID field and ending with the least significant bit of the EDC field, then this msb will be 616 511 
and the Isb will be bg. Each bit b; of the EDC is shown as follows for i = 0 to 31: 








з. 
EDC(x) = У б,х' = I(x) modG(x) 
i=0 
where 
16511 
(x)= У bax and G(x) x xta] 
i=32 


13.2 Scrambled Frames 


The 2 048 Main Data bytes shall be scrambled by means of the circuit shown in Figure 12 which shall consist of a 
feedback bit shift register in which bits гә (msb) to го (lsb) represent a scrambling byte at each 8-bit shift. 









































Tia} Tis | Ту | Тј | fio} Fo | 18 | 17 te [Ts | t во Tj | To 


„41414: 


S, at each 8-bit shift 




















Figure 12 - Feedback shift register 


At the beginning of the scrambling procedure of a Data Frame, positions гуд to го shall be pre-set to the value(s) 
specified in Table 1 (the msb of the pre-set value shall be discarded). The same pre-set value shall be used for 16 
consecutive Data Frames. After 16 groups of 16 Data Frames, the sequence is repeated. The initial pre-set number 
is equal to the value represented by bits bz (msb) to b4 (lsb) of the ID field of the Data Frame. Table 1 specifies the 
initial pre-set value of the shift register corresponding to the 16 initial pre-set numbers. 


Table 1 - Initial values of the shift register 


number value number value 
(0) (8) 
(9) 
Q) (A) 


(B) 
(4) (О) 
(5) (D) 
(6) (E) 
(7) (F) 





The part of the initial value of rz to го is taken out as scrambling byte 50 . After that, an 8-bit shift is repeated 2 047 
times and the following 2 047 bytes shall be taken from гу to rg as scrambling bytes S, to S5 947 . The Main Data 
bytes D, of the Data Frame become scrambled bytes D’; where 


D';-D,O S, fork=0to2047 (Ө stands for Exclusive OR) 
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13.3 ECC Blocks 


An ECC Block is formed by arranging 16 consecutive Scrambled Frames in an array of 192 rows of 172 bytes each 
(Figure 13). To each of the 172 columns 16 bytes of Parity of Outer Code are added, then, to each of the resulting 
208 rows, 10 bytes of Parity of Inner Code are added. Thus a complete ECC Block comprises 208 rows of 182 
bytes each. The bytes of this array are identified as В; jas follows, where i is the row number and j is the column 
number. 


Bij for i=0 to 191 andj =0 to 171 are bytes from the Scrambled Frames 
Bij for i= 192 to 207 and j = 0 to 171 are bytes of the Parity of Outer Code 
Bij for i= 0 to 207 and j = 172 to 181 are bytes of the Parity of Inner Code 


PI 
4 — 172 bytes 10 bytes 


| Boo |Bu | [вию [Bon [Ban | (В | 
Еве [Bu | | Bu [Bun [Bun | —— |Buw | 
[Bum | Ban [Ban | ___| Вам | 


л =з 
ET 0 


Влолл | Виз И Bis» 
В.о Вот А 


Е Ám Ж 
Воо | Воо, ИШ 170 172 18 
Bi |Ве |_| Вито Вт | НИ 
| Bio | | — вов ОШ 
NE 


Figure 13 - ECC Block 
The PO and PI bytes shall be obtained as follows. 


PO  16rows 


























In each of columns j — 0 to 171, the 16 PO bytes are defined by the remainder polynomial R(x) to form the outer 
code RS (208,192,17). 


207 
207-i 16 
Rj(x)- У Вах "=1j(x)x mod Оро (x) 
i=192 
where 
191 ie 15 ; 
I(x) 2$ Врх“ and бьо(х) = [с ^) 
i=0 k=0 


In each of rows i = 0 to 207, the 10 PI bytes are defined by the remainder polynomial R(x) to form the inner code 
RS(182,172,11). 


181 
R; (x) = IB; aH =1,(х)х!0 mod G py (x) 


ј=172 
уућеге 
171 ins 9 k 
L(x) - У Врх and бъ(х)= [ [6 9^) 
j-0 k=0 


a is the primitive root of the primitive polynomial P(x) = x Byte sere 
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13.4 Recording Frames 


Sixteen Recording Frames shall be obtained by interleaving one of the 16 PO rows at a time after every 12 rows of 
an ECC Block (Figure 14). This is achieved by re-locating the bytes B; j of the ECC Block as B,, у for 
т=а+ int [i / 12] and n=j fori<191 


m=13x(i-191)-1 and n=j fori 192 
where int [x] represents the largest integer not greater than x. 


Thus the 37 856 bytes of an ECC Block are re-arranged into 16 Recording Frames of 2 366 bytes. Each Recording 
Frame consists of an array of 13 rows of 182 bytes. 


Ќе 182 bytes MM —* 
7 eee TO 
22 


22 Recording 
TOWS Frame 0 








Dus | ОУ Т dica E Bur | Bum доза Вин 


Bis [e нане | Вит | Виме | o | Вила | 





ин 


27 Recording 





TOWS Frame 1 
Te qe 
ЕТШ ЕРЕ БЕТ 

„> 2 Recording 


Frames 2 - 14 


| 


| лш 


27 Recording 
Frame 15 


TOWS 
Ter Tee 








| Вало | n n n [Bom | Виша | | Bom | 


Figure 14 - Recording Frames obtained from an ECC Block 
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13.5 Modulation and NRZI conversion 
The 8-bit bytes of each Recording Frame shall be transformed into 16-bit Code Words with the run length 
limitation that between 2 ONES there shall be at least 2 ZEROs and at most 10 ZEROs (RLL(2,10)). Annex Н 
specifies the conversion tables to be applied. The Main Conversion table and the Substitution table specify a 16-bit 
Code Word for each 256 8-bit bytes with one of 4 States. For each 8-bit byte, the tables indicate the corresponding 
Code Word, as well as the State for the next 8-bit byte to be encoded. 


The 16-bit Code Words shall be NRZI-converted into Channel bits before recording on the disc (see Figure 15). 
The Channel clock period is the time between 2 consecutive Channel bits. 









































8-bit 16-bit Exclusives OR 16 Channel bits 
bytes Code Words NRZ NRZI converted pulses 
modulator > Р > 
conversion 
- 1T 
Т = 1 Channel clock period delay 











16-bit Code Word pattern: 0 


— 


боја б 1 в Ui 











NRZ converted signal: 



































NRZI converted pulses: 





Figure 15 - NRZI conversion 


13.6 Physical Sectors 


The structure of a Physical Sector is shown in Figure 16. It shall consist of 13 rows, each comprising two Sync 
Frames. A Sync Frame shall consist of a SYNC Code from Table 2 and 1 456 Channel bits representing 91 8-bit 
bytes. Each row of the Physical Sector shall consist of two Sync Frames with the first 1 456 Channel bits 
representing the first 91 bytes of each row of a Recording Frame and the second 1 456 Channel bits representing 
the second 91 bytes of each row of a Recording Frame. 


|-32 >—— 1456 —— > 32 ——— 1 456 —— > 





13 rows 











K—— Sync Frame ——Á——— Sync Frame ——> 


Figure 16 - Physical Sector 


2 27 = 


Recording of the Physical Sector shall start with the first Sync Frame of the first row, followed by the second Sync 
Frame of that row, and so on, row-by-row. The state of each SYNC Code and each subsequent set of 16 Channel 
bits shall follow the rules defined in 13.8. 


Table 2 - SYNC Codes 


State 1 and State 2 (next state is state 1) 





Primary SYNC codes Secondary SYNC codes 
(msb) (156)  (msb) (Isb) 


SYO = 0001001001000100 0000000000010001 / 0001001000000100 0000000000010001 
SY1- 0000010000000100 0000000000010001 / 0000010001000100 0000000000010001 
SY2 = 0001000000000100 0000000000010001 / 0001000001000100 0000000000010001 
SY3 = 0000100000000100 0000000000010001 / 0000100001000100 0000000000010001 
SY4 = 0010000000000100 0000000000010001 / 0010000001000100 0000000000010001 
SY5 = 0010001001000100 0000000000010001 / 0010001000000100 0000000000010001 
SY6 = 0010010010000100 0000000000010001 / 0010000010000100 0000000000010001 
SY7 = 0010010001000100 0000000000010001 / 0010010000000100 0000000000010001 





State 3 and State 4 (next state is state 1) 


Primary SYNC codes Secondary SYNC codes 
(msb) (156) (msb) (155) 


SYO = 1001001000000100 0000000000010001 / 1001001001000100 0000000000010001 
SY1 = 1000010001000100 0000000000010001 / 1000010000000100 0000000000010001 
SY2 = 1001000001000100 0000000000010001 / 1001000000000100 0000000000010001 
SY3 = 1000001001000100 0000000000010001 / 1000001000000100 0000000000010001 
SY4 = 1000100001000100 0000000000010001 / 1000100000000100 0000000000010001 
SY5 = 1000100100000100 0000000000010001 / 1000000100000100 0000000000010001 
SY6 = 1001000010000100 0000000000010001 / 1000000001000100 0000000000010001 
SY7 = 1000100010000100 0000000000010001 / 1000000010000100 0000000000010001 
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13.7 Layout of a Recording UNit (RUN) 


A RUN shall consist of an integer number (M 2 1) of sets of 16 Physical Sectors, each from a single ECC Block. 
The M ECC Blocks shall be preceded by 8 Channel bits, which are meant to reduce possible influences of 
inaccuracies of the linking point, while the last 8 Channel bits of the last Physical Sector shall be discarded at 
recording. The 8 linking Channel bits and the next SYNC Code SYO (chosen from State 1/2 or State 3/4) shall be 
chosen randomly, such that the runlength constraints specified in 13.5 are fulfilled. 


Each RUN of M ECC Blocks (M21) starting with ECC Block N shall be recorded in the following way: 
8 Channel bits for linking in ECC Block N-1, 
full ECC Blocks N to N+ M – 2 (if M > 2), 
ECC Block N + M - 1, except for the last 8 Channel bits, which bits shall not be recorded. 


The positioning of a Recording Unit is shown in Figure 17. 


When the RUN starting with ECC Block N 55 to be recorded, and ECC Block N-1 has not yet been recorded, then 
the RUN shall be extended with a dummy ECC Block N-1 of which all Main Data bytes shall be set to (00) (see 
also clause 23: Sequential recording). 


middle of wobble 15 
м, ~ 



























је 
linking M ECC Blocks 
actualstart position је di » 
X NN а 
8 ı last 8 
Channel e locks к E iChannel 
i | bits 
|“ to be recorded k to be! 


discarded 
at recording 


Figure 17 - Recording Unit 


13.7.4 Recording Unit position 


Each ECC Block, consisting of 16 Physical Sectors, shall correspond to 4 ADIP words (see 14.4.1.1). 

RUNS shall be mapped onto the structure of tracks (see 14.4), such that the Physical Sector Numbers (PSN), of 
which the 2 least significant bits have been discarded, correspond to the local Physical Address in ADIP (PAA). 
In mathematical form: PSN = 4xPAA +7, where i= 0, 1, 2, or 3 

(for example: Physical Sector Numbers (030000) to (030003) correspond to Physical ADIP Address (00C000)). 


The reference for the theoretical start positions is wobble 15 following the ADIP word sync unit of the ADIP 
words of which the 2 least significant address bits are 00 (see 14.4.1.1 and Figure 21). 

The theoretical start position is 8 Channel bits after the nominal position of the zero crossing in the middle of the 
above mentioned wobble 15 of the wobble signal from Read channel 2. 


The start of each recording shall be within + 5 Channel bits of the theoretical start position. 
During writing the Channel bit clock shall be phase locked to the wobble frequency. 
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13.8 d.c. component suppression control 


To ensure a reliable radial tracking and a reliable detection of the HF signals, the low frequency content of the 
stream of Channel bit patterns should be kept as low as possible. In order to achieve this, the Digital Sum Value 
(DSV, see 4.3) shall be kept as close to zero as possible. At the beginning of the modulation, the DSV shall be set 
to 0. 


The different ways of diminishing the current value of the DSV are as follows: 
a) Choice of SYNC Codes between Primary or Secondary SYNC Codes. 


b) For Фе 8-bit bytes in the range 0 to 87, the Substitution table offers an alternative 16-bit Code Word for all 
States. 


c) For the 8-bit bytes in the range 88 to 255, when the prescribed State is 1 or 4, then the 16-bit Code Word can 
be chosen either from State 1 or from State 4, so as to ensure that the RLL requirement 15 met. 


In order to use these possibilities, two data streams, Stream 1 and Stream 2, are generated. Stream 1 shall start with 
the Primary SYNC Code and Stream 2 with the Secondary SYNC Code of the same category of SYNC Codes. As 
both streams are modulated individually, they generate a different DSV because of the difference between the bit 
patterns of the Primary and Secondary SYNC Codes. 


In the cases b) and c), there are two possibilities to represent a 8-bit byte. The DSV of each stream is computed up 
to the 8-bit byte preceding the 8-bit byte for which there is this choice. The stream with the lowest |DSV| is 
selected and duplicated to the other stream. Then, one of the representations of the next 8-bit byte is entered into 
Stream 1 and the other into Stream 2. This operation is repeated each time case b) or c) occurs. 


Whilst case b) always occurs at the same pattern position in both streams, case c) may occur in one of the streams 
and not in the other because, for instance, the next State prescribed by the previous 8-bit byte can be 2 or 3 instead 
of 1 or 4. In that case the following 3-step procedure shall be applied: 


1) Compare the | DSV | s of both streams. 


2) Ifthe | DSV | of the stream in which case C) occurs is smaller than that of the other stream, then the stream in 
which case c) has occurred is chosen and duplicated to the other stream. One of the representations of the next 
8-bit byte 1s entered into this stream and the other into the other stream. 


3) Ifthe | DSV | of the stream in which case с) has occurred is larger than that of the other stream, then case c) is 
ignored and the 8-bit byte 15 represented according to the prescribed State. 


In both cases b) and c), if the | DSV | s are equal, the decision to choose Stream 1 or Stream 2 15 implementation- 
defined. 


The procedure for case a) shall be as follows: 


1) Atthe end of each Sync Frame, whether or not case b) and or case c) have occurred, the accumulated DSVs of 
both streams are compared. The stream with the lower | DSV | is selected and duplicated to the other stream. 
Then the next Primary SYNC Code and the Secondary SYNC Code of the proper category are inserted each in 
one of the streams. 


Optionally the procedure for case a) can be extended in the following way: 


2) Ifthe DSV at the end of the resulting Sync Frame 15 greater than + 63 or smaller than -64, then the SYNC 
Code at the beginning of the Sync Frame is changed from Primary to Secondary or vice versa. If this yields a 
smaller | DSV | , the change 15 permanent, if the | DSV | 15 not smaller, the original SYNC Code is retained. 


During the DSV computation, the actual values of the DSV may vary between -1 000 and +1 000, thus it is 
recommended that the count range for the DSV be at least from -1 024 to +1 023. 
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14 Track format 


14.1 Track shape 


The area in the Information Zone (see 10.7) shall contain tracks formed from a single spiral groove. Each track 
shall form a 360? turn of a continuous spiral. The shape of each track is determined by the requirements in Section 
5. Recordings shall be made on the groove. 


The tracks in the Information Zone contain a phase modulated sinusoidal deviation from the nominal centrelines, 
called wobble, which contains addressing information. 


The tracks shall be continuous in the Information Zone. The groove tracks shall start at a radius of 
22,00 mm max. 

and end at a radius of 
58,75 mm min (for 80 mm disc see Annex A). 


14.2 Track path 
The track path shall be a continuous spiral from the inside (beginning of the Lead-in Zone) to the outside (end of 
the Lead-out Zone) when the disc rotates counter-clockwise as viewed from the optical head. 

14.3 Track pitch 


The track pitch 15 the distance measured between the average track centrelines of adjacent tracks, measured in the 
radial direction. The track pitch shall be 0,74 um + 0,03 um. The track pitch averaged over the Information Zone 
shall be 0,74 um + 0,01 um. 


14.4 Track layout 


The wobble of the tracks is a sinusoidal deviation from the nominal centrelines, with a wavelength of 
4,265 6 um + 0,045 0 uum (equivalent to 32 Channel bits). The Total Harmonic Distortion (THD) of the oscillator 
for generating the wobble sine wave shall be < -40 dB. 


The wobble is phase modulated by inverting wobble cycles. The information contained in the wobble modulation 15 
called Address-in-Pregroove or ADIP (see 14.4.1.1). 


14.4.1 ADIP information 


The data to be recorded onto the disc must be aligned with the ADIP information modulated in the wobble. 
Therefore 93 wobbles shall correspond to 2 Sync Frames. Of each 93 wobbles, 8 wobbles are phase modulated 
with ADIP information (see Figure 18). 


1 wobble equals 32 Channel bits (7 32T) 
one ADIP unit = 8 modulated wobbles per 2 Sync Frames 
































2 Sync Frames 
«—— — —— 1488 Channel bits »|« 1 488 Channel bits ————> 
Sync data Sync data 
«—— 16 wobbles — «—— 16 wobbles — 
one ADIP unit 
< 8 wobbles — | < 85 monotone wobbles > 
€ 93 wobbles > 














Figure 18 – General ADIP structure 
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14.4.1.1 ADIP word structure 
52 ADIP units are grouped into one ADIP word each. 
This means that one ADIP word corresponds to 4 x 13 x 2 Sync Frames = 4 Physical Sectors. 


Each ADIP word shall consist of: 1 ADIP sync unit + 51 ADIP data units. 

ADIP sync unit = 4 inverted wobbles for word sync + 4 monotone wobbles. 

ADIP data unit = 1 inverted wobble for bit sync + 3 monotone wobbles + 4 wobbles representing one data Би. 
(see 14.4.1.3) 


ADIP word structure: 



































wobble 0 | wobble 1 to 3 | wobble 4 to 7 
T T sync unit word sync 1 T 
data unit bit sync data bit 1 
ADIP data unit bit sync data bit 2 4 Physical 

4 word | 5 3 | Sectors 1 
ADIP : Е ~ ЕСС 
words y data unit bit sync data bit 51 y Block 

у 4 























Figure 19 - ADIP word structure 


The information contained in the data bits is as follows: 
bit 1: this bit is reserved and shall be set to ZERO. 


bits 2 to 23: these 22 bits contain a Physical ADIP Address. 
Data bit 2 is the msb and data bit 23 is the Isb. The addresses increase by one for each next 
ADIP word. 


The first address in the Information Zone shall be such that Physical ADIP Address (00C000) 
15 located at radius 24,00*000 mm. 
Physical ADIP Address (098150), which is the first address corresponding to the Lead-out 


Zone, shall be located at a radius € 58,00 mm (for 80 mm disc see Annex A). 


bits 24 to 31: these 8 bits contain auxiliary information about the disc. 
Bit 24 to 31 from 256 consecutive ADIP words, shall form one ADIP Aux Frame with 256 
bytes of information. The first byte of each ADIP Aux Frame shall be located in an ADIP 
word with a Physical ADIP Address that is a multiple of 256 (Physical ADIP Address = 
(xxxx00)). 


In the Lead-in Zone and the Inner Drive Area of the disc the auxiliary bytes shall be used for 
storing Physical format information. The contents of the 256 bytes are defined in Table 3 and 
14.4.2. 


In the Data Zone of the disc the auxiliary bytes may be used for storing Extended format 
information as defined in Annex B. If not used for such purpose all bytes shall be set to (00). 


In the Lead-out Zone / Outer Drive Area of the disc the auxiliary bytes shall be set to (00). 


bits 32 to 51: these 20 bits contain error correction parities for the ADIP information (see 14.4.1.2). 
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14.4.1.2 ADIP error correction 


For the ADIP error correction the ADIP data bits are grouped into 4-bit nibbles. 
The mapping of the data bits into the nibble array 15 defined in Figure 20. Bit 15 a dummy bit, which shall be 
considered as set to ZERO for the error corrector. 






























































nibble No bit 0 bit 1 bit 2 bit 3 1 
nibble Ni bit4 bit 5 : : 6 ADIP 
: : : : nibbles address 
bit 20 : : bit 23 | 
: bit 24 12 АЏХ 
nibble N7 bit 28 : bit 31 У nibbles data 
nibble Ng bit 32 : | 1 nibble 
5 based 
5 : | | У nibbles R-S 
nibble Nj» bit 48 bit 49 bit 50 bit 51 + ECC 





Figure 20 - ADIP error correction structure 


A nibble-based RS (13,8,6) code is constructed, of which the 5 parity nibbles Ng to N15, are defined by the 
remainder polynomial R(x): 


12 
R(x) = У №, x!?! = 10) х? mod Орд (x) 
i=8 
where 


7 4 
(х)= Nix" and Gpa(x)=] Јана) 
i-0 k=0 


a is the primitive root 0010 of the primitive polynomial P(x) = x ^rx41 


All bits of the 5 parity nibbles Ng to N15 shall be inverted before recording. 
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14.4.1.3 ADIP modulation rules 
The ADIP units are modulated by inverting some of the 8 wobble cycles: 


- PW is a positive wobble, which shall start moving towards the inside of the disc. 
- NW is a negative wobble, which shall start moving towards the outside of the disc. 
- all monotone wobbles shall be PWs. 


Modulation of the ADIP word sync: 


ADIP sync unit 





wobble 











Modulation of an ADIP ZERO bit: 


ADIP data unit with data set to ZERO 
>< 





>< 


wobble wobble 
92 0 





Modulation of an ADIP ONE bit: 


ADIP data unit with data set to ONE 
>< 





>< 


wobble | wobble 


92 0 





Figure 21 - ADIP modulation rules 
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14.4.2 Physical format information in ADIP 


This information shall comprise the 256 bytes shown in Table 3. It contains disc information and values for the 
write strategy parameters to be used with the Optimum Power Control (OPC) algorithm to determine optimum 
laser power levels for writing (see Annex G and Annex I). The information is copied to the Control Data Zone 
(see 18.8.1) during finalization of the Lead-in Zone of the disc. 


Table 3 - Physical format information 


Byte number Content Number of bytes 








0 Disc Category and Version Number 


1 Disc size 


Disc structure 
Recording density 


4 to 15 Data Zone allocation 


НЕ General Flag bits 

E е Disc Application Code 
ИШИ Extended Information indicators 
Disc Manufacturer ID 
Media Type ID 


Product revision number 
number of Physical format information bytes in use in ADIP up to byte 63 
Primary recording velocity for the basic write strategy 
Upper recording velocity for the basic write strategy 
Wavelength Amp 
normalized Write power dependency on Wavelength (dP/dA)/(Pryp/Aynp) 
Maximum read power at Primary velocity 
Pinp at Primary velocity 
Brarget at Primary velocity 


Maximum read power at Upper velocity 


Brarget at Upper velocity 
Trop (24T) first pulse duration for ст“ 24T at Primary velocity 


Trop (=3T) first pulse duration for cm* =3T at Primary velocity 
Tmp multi pulse duration at Primary velocity 
Tip last pulse duration at Primary velocity 
AT top (24T) first pulse lead time for ст“ >4T at Primary velocity 
AT top (=3T) first pulse lead time for cm* =3T at Primary velocity 
dT), first pulse leading edge shift for ps =3T at Primary velocity 
Ttop (24T) first pulse duration for ст“ 24T at Upper velocity 


6 
7 
8 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


| 40 | Ручр at Upper velocity 


1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 


о 
– | — | — | — | — "| — | ef — | — | — | — | — | — | — | — | — | ete] — | — | — | — –—|-|-|ђ5|-|—|-|- 


Ttop (=3T) first pulse duration for cm* =3T at Upper velocity 
BEN Tmp multi pulse duration at Upper velocity 


* em = current mark , ps = previous space (see also Annex G) 


сл 
= 





type 
of 
disc 


Byte number 
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Content 


Number of bytes 








Tip last pulse duration at Upper velocity 


AT top (24T) first pulse lead time for ст“ >4T at Upper velocity 
dT top (=3T) first pulse lead time for cm” =3T at Upper velocity 
dT}, first pulse leading edge shift for ра“ =3T at Upper velocity 


Reserved - All (00) 





Extended Information block 0 





Extended Information block 1 





Extended Information block 2 





Extended Information block 3 





Extended Information block 4 





Extended Information block 5 





This version of this document specifies several types of discs, with different recording velocity ranges. The 
specific write parameters for each recording velocity range shall be specified in separate blocks (EI blocks, see 
14.4.2.3). The following types of discs (characterized by the so-called X-speed) have now been defined and their 
ADIP shall contain the EI Blocks as indicated in the Table 4. 


basic write strategy 
bytes 32 to 63 
(1x & 2,4x speed) 


Table 4 - Types of discs 


4x+ write strategy 
EI block Format 1 
(4x speed) 


6x+ write strategy 
EI block Format 2 
(6x ~ 8x speed) 


6x+ write strategy 
EI block Format 3 
(6x ~ 16x speed) 


remarks 





2,4х” 


+ 


this disc shall be suited for 
recording speeds of 
3,49 & 8,44 m/s only 





“Дх?” 


this disc shall be suited for 
recording speeds of 

3,49 & 8,44 m/s and 

13,95 m/s 





“gy” 


this disc shall be suited for 
recording speeds of 

3,49 & 8,44 m/s, 

13,95 m/s and 

20,9 ~ 27,9 m/s 








*16x" 

















this disc shall be suited for 
recording speeds of 

3,49 & 8,44 m/s, 

13,95 m/s and 

20,9 - 55,8 m/s 





* shall be present 


— shall not be used 
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14.4.2.1 General information - Bytes 0 to 31 
Byte 0 - Disc Category and Version Number 
Bits bz to b4 shall specify the Disc Category, 
bit bz shall be set to 1 indicating a disc according to the DVD+R/+RW Format (see clause 3), 


bit Бе shall be set to 0 indicating a single layer disc, 
bits bs and b, shall be set to 10 indicating a DVD+R disc. 


Bits b3 to Бо shall specify the Version Number, 
they shall be set to 0001 indicating this System Description. 
This Version Number identifies amongst others the definitions of the data in bytes 32 to 63. 
Drives not acquainted with the specific Version Number of a disc should not try to record on 
that disc using the information in bytes 32 to 63, which bytes contain the basic write strategy 
parameters (see Annex P). 


Note: Version number 0000 can be used for identification of test discs. Such test discs might not contain the 
correct Physical format information in their ADIP Aux Frames. 


Byte 1 - Disc size and maximum transfer rate 
Bits bz to b4 shall specify the disc size, 

they shall be set to 0000, indicating a 120 mm disc (for 80 mm disc see Annex A) 
Bits b5 to Бо shall specify the maximum read transfer rate, 

they shall be set to 1111 indicating no maximum read transfer rate is specified 


Byte 2 - Disc structure 


Bitsb7 toby shall be set to 0000 
Bits b4 to bg shall specify the type of the recording layer(s): 
they shall be set to 0010, indicating a write-once recording layer. 
Byte 3 - Recording density 
Bits bz to b4 shall specify the average Channel bit length in the Information Zone, 
they shall be set to 0000, indicating 0,133 um 
Bits b5 to Бо shall specify the average track pitch, 
they shall be set to 0000, indicating an average track pitch of 0,74 um 
Bytes 4 to 15 - Data Zone allocation 


Byte 4 shall be set to (00). 


Bytes 5 to 7 shall be set to (030000) to specify PSN 196 608 of the first Physical Sector 
of the Data Zone 


Byte 8 shall be set to (00). 


Bytes9to 11 shall be set to (26053F) to specify PSN 2 491 711 as the last possible Physical Sector 
of the Data Zone (for 80 mm disc see Annex A). 


Bytes 12 to 15 shall be set to (00) 
Byte 16 — General Flag bits 


Bit b7 shall be set to ZERO 


Bit bg shall specify if the disc contains Extended format information in the ADIP Aux Frames in the 
Data Zone related to the VCPS copy protection system, 


shall be set to0, ^ indicating no Extended format information for VCPS is present, 


shall be set to 1, ^ indicating the Data Zone contains Extended format information for VCPS 
as defined in Annex B and the VCPS System Description (see clause 3). 


Bit bs Is reserved for use in the Control Data Zone and shall be set to ZERO 
Bits by to bg are reserved and shall be set to 0 0000 


14.4.2.2 
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Byte 17 - Disc Application Code 


This byte can identify discs that are restricted to be used for special applications only. Drives not able to identify 
the particular application related to a specific Disc Application Code or not able to act according to the rules as 
defined for this particular application are not allowed to write on a disc with such a code. 


(00) identifies a disc for General Purpose use 
(no restrictions, all drives are allowed to write on a disc carrying this code), 
all other codes are reserved and shall be registered before use. 


Registration of Disc Application Codes shall be requested from Royal Philips Electronics. 
(for detailed address information see backside of inner title page of this document) 

Byte 18 - Extended Information indicators 

Bits bz to Бе are reserved and shall be set to 00 


Bits bs to bg each of these bits shall indicate the presence of an Extended Information block. 
Bit b; shall be set to 1 if Extended Information block 1, consisting of bytes (64 + 1x32) to 
(95 + 1x32), is in use. Else bit b; shall be set to 0. 


Bytes 19 to 26 - Disc Manufacturer ID 


These 8 bytes shall identify the manufacturer of the disc. This name shall be represented by characters from the 
СО set + SPACE according to ECMA-43. Trailing bytes not used shall be set to (00). 


If the Disc Manufacturer ID is not used these 8 bytes shall be set to (00) 
Bytes 27 to 29 – Media Type ID 


Disc manufacturers can have different types of media, which shall be specified by these 3 bytes. The specific 
type of disc is denoted in this field by characters from the GO set + SPACE according to ECMA-43. Trailing 
bytes not used shall be set to (00). 


If the Media Type ID is not used these 3 bytes shall be set to (00) 


Note: Discs with different characteristics shall be identified by different and unique combinations of Disc 
Manufacturer ID / Media Type ID. Therefore the content of bytes 19 to 29 shall be approved by the licensors of 
the DVD+R system. 


Byte 30 - Product revision number 


This byte shall identify the product revision number in binary notation. All discs with the same Disc 
Manufacturer ID and the same Media Type ID, regardless of Product revision numbers, must have the same 
recording properties (only minor differences are allowed: Product revision numbers shall be irrelevant for 
recorders). The content of this byte can be chosen freely by the disc manufacturer. 


If not used this byte shall be set to (00) 
Byte 31 - number of Physical format information bytes in use in ADIP up to byte 63 


This byte forms one 8-bit binary number indicating the number of bytes actually in use for the basic Physical 
format information (in bytes 0 to 63). It shall be set to (38) indicating that only the first 56 bytes of the Physical 
format information are used. 


Basic write strategy parameters - Bytes 32 to 63 
Byte 32 - Primary recording velocity for the basic write strategy 


This byte indicates the lowest recording velocity of the disc for the parameters as defined in bytes 34 to 63 in 
this Physical format information. This recording velocity is equal to the Reference velocity and shall be 
specified as a number n such that 


п = 10 Vprimary,basic (1 rounded off to an integral value) 


It shall be 
set to (23) indicating a Primary writing speed of about 3,49 m/s (1x). 
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Byte 33 – Upper recording velocity for the basic write strategy 


This byte indicates the highest recording velocity of the disc for the parameters as defined in bytes 34 to 63 in 
this Physical format information. This recording velocity shall be specified as a number n such that 


п=10х VUpper,basic (n rounded off to an integral value) 


It shall be 
set to (54) indicating a Upper writing speed of about 8,44 m/s (2,4x). 


Byte 34 – Wavelength Мр 


This byte shall specify the laser wavelength in nanometers at which the optimum write parameters in the 
following bytes are specified, as a number n such that 


п = Wavelength — 600 
For this version of the DVD+R system, n shall be equal to (37) indicating that Ауур) is 655 nanometers. 
Byte 35 - Normalized Write power dependency on Wavelength 


This byte shall specify the average write power dependency on the wavelength normalized by the ratio of PIND 
and Ауур (see 29.3.3 and Annex К), as a number n such that 


п = (аР/аА)/(Румру/Аҹр) 

Byte 36 - Maximum read power, P, at Primary velocity 

This byte shall specify the maximum read power P, in milliwatts at Primary velocity as a number n such that 
n = 20 x (P, — 0,7) 

Byte 37 - Pīynp at Primary velocity 


Рур is the starting value for the determination of Pwo used in the OPC algorithm, see Annex I and Annex К. 
This byte shall specify the indicative value Рур of Pwo in milliwatts at Primary velocity and Хур as a number 
n such that 


п = 20 x (PIND = 5) 
Byte 38 - Ptarget at Primary velocity 


This byte shall specify the target value for В, Brarget at Primary velocity used in the OPC algorithm (see Annex 
I) as a number n such that 


n = 100 x (Brarget + 1) 


Byte 39 - Maximum read power, P, at Upper velocity 


This byte shall specify the maximum read power P, in milliwatts at Upper velocity as a number n such that 
n= 20 x (Р. — 0,7) 
Byte 40 - Pip at Upper velocity 


Рур 15 the starting value for the determination of Pwo used in the OPC algorithm, see Annex I and Annex К. 
This byte shall specify the indicative value Ppyp of Pwo in milliwatts at Upper velocity and Хур as a number n 
such that 


п= 20 х (PIND = 5) 
Byte 41 - Ptarget at Upper velocity 


This byte shall specify the target value for В, Brarget at Upper velocity used in the OPC algorithm (see Annex I) 
as a number п such that 


n= 100 x (Brarget + 1) 
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Byte 42 – Теор (24T) first pulse duration for current mark 24T at Primary velocity 


This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 4T or 
greater mark for recording at Primary velocity (see Annex G.1). The value is expressed in fractions of the 
Channel bit clock period as a number 7 such that 


Т, 
п = 16 х а and 4 Сп <40 


Byte 43 – Tip (=3T) first pulse duration for current mark =3T at Primary velocity 


This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 3T mark 
for recording at Primary velocity (see Annex G.1). The value is expressed in fractions of the Channel bit clock 
period as a number 7 such that 


T 
n=16x ка and 4 спе 40 


Byte 44 – Tmp multi pulse duration at Primary velocity 


This byte shall specify the duration of the gue pulse through the 279 to last pulse of the multi pulse train for 
recording at Primary velocity (see Annex G.1). The value is expressed in fractions of the Channel bit clock 
period as a number 7 such that 


T 
п= 16x Ww and 4<n< 14 
W 


Byte 45 – Тү, last pulse duration at Primary velocity 
Ip 


This byte shall specify the duration of the last pulse of the multi pulse train when the current mark is a 4T or 
greater mark for recording at Primary velocity (see Annex G.1). The value is expressed in fractions of the 
Channel bit clock period as a number 7 such that 


T 
n-16x А and 4<п<24 
W 


Byte 46 – AT top (24T) first pulse lead time for current mark 24T at Primary velocity 


When the current mark is a AT or greater mark, this byte shall specify the lead time of the first pulse of the multi 
pulse train relative to the trailing edge of the second Channel bit of the data pulse, for recording at Primary 
velocity (see Annex G.1). The value is expressed in fractions of the Channel bit clock period as a number n 
such that 


dT. 
п= 16 х ‚1 апа 0<п<24 
W 


Byte 47 – AT top (=3T) first pulse lead time for current mark =3T at Primary velocity 


When the current mark is a 3T mark, this byte shall specify the lead time of the first pulse of the multi pulse train 
relative to the trailing edge of the second Channel bit of the data pulse, for recording at Primary velocity (see 
Annex G.1). The value is expressed in fractions of the Channel bit clock period as a number n such that 


dT 
п= 16 х Ра and 0<n<24 
W 


Byte 48 - dT), first pulse leading edge shift for previous space —3T at Primary velocity 


This byte shall specify the leading edge shift for the p pulse of the multi pulse train when the previous space 
was a 3T space for recording at Primary velocity (see Annex G.1). The value is expressed in fractions of the 
Channel bit clock period as a number n such that 


n=16 x д add: 0<п<4 
W 
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Byte 49 – Tip (24T) first pulse duration for current mark 24T at Upper velocity 


This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 4T or 
greater mark for recording at Upper velocity (see Annex G.1). The value is expressed in fractions of the Channel 
bit clock period as a number п such that 


Т, 
п = 16 х "t and 4 спе 40 


Byte 50 – Tip (3) first pulse duration for current mark =3T at Upper velocity 


This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 3T mark 
for recording at Upper velocity (see Annex G.1). The value 15 expressed in fractions of the Channel bit clock 
period as a number 7 such that 


T 
n-16x ^ and 4 спе 40 


Byte 51 – Tmp multi pulse duration at Upper velocity 


This byte shall specify the duration of the 2nd pulse through the 2! to last pulse of the multi pulse train for 
recording at Upper velocity (see Annex G.1). The value is expressed in fractions of the Channel bit clock period 
as anumber n such that 


T 
п= 16 х "E and 4 спе 14 
W 


Byte 52 - Т, last pulse duration at Upper velocity 
Ip 


This byte shall specify the duration of the last pulse of the multi pulse train when the current mark is a 4T or 
greater mark for recording at Upper velocity (see Annex G.1). The value is expressed in fractions of the Channel 
bit clock period as a number n such that 


T 
n-16x А and = 4<n<24 
W 


Byte 53 – AT top (24T) first pulse lead time for current mark 24T at Upper velocity 


When the current mark is a AT or greater mark, this byte shall specify the lead time of the first pulse of the multi 
pulse train relative to the trailing edge of the second Channel bit of the data pulse, for recording at Upper 
velocity (see Annex G.1). The value is expressed in fractions of the Channel bit clock period as a number n 
such that 


dT. 
п= 16 х aA and 0<n<24 
W 


Byte 54 – AT op (=3T) first pulse lead time for current mark =3T at Upper velocity 


When the current mark is a 3T mark, this byte shall specify the lead time of the first pulse of the multi pulse train 
relative to the trailing edge of the second Channel bit of the data pulse, for recording at Upper velocity (see 
Annex G.1). The value is expressed in fractions of the Channel bit clock period as a number n such that 


dT. 
п= 16 х mh and 0<n<24 
W 


Byte 55 - dT), first pulse leading edge shift for previous space =3T at Upper velocity 


This byte shall specify the leading edge shift for the p pulse of the multi pulse train when the previous space 
was a 3T space for recording at Upper velocity (see Annex G.1). The value is expressed in fractions of the 
Channel bit clock period as a number n such that 


п=16х “Teh and 0<п<4 
W 


Bytes 56 to 63 - Reserved - АП (00) 
These bytes shall be set to all (00). 


14.4.2.3 


14.4.2.3.1 
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Extended Information blocks - Bytes (64 + ix32) to (95 + ix32) 

(with i = 0 to 5) 
Extended Information (EI) blocks are meant to facilitate future extensions. Each such block consists of 32 
bytes. These bytes can hold for instance parameters for alternative write strategies or other advanced 
parameters. If a set of parameters does not fit in one Extended Information block, additional continuation blocks 
can be added, which additional blocks are identified by a Continuation bit. 
The presence of an Extended Information block shall be indicated by the appropriate bit in byte 18. If an 
Extended Information block is not used, all 32 bytes shall be set to (00). 


Byte (64 + 1x32) Extended Information block i Format number / Continuation bit 


Bits bg to bo indicate the Format number which identifies the definitions of the data in bytes 
(65 + 1x32) to (95 + 1x32). 


If bit b7 is set to ONE, the related Extended Information block is not an independent block but 
a continuation of the preceding Extended Information block. The Format number in a 
continuation block shall be the same as the Format number in the preceding Extended 
Information block. 


A disc can have several Extended Information blocks. The contents of blocks with different 
Format numbers have to be interpreted each according to their respective definitions. The 
contents of blocks with the same Format number are interpreted in the same way; the 
parameters specified in these blocks however can have different values. 


Drives not acquainted with the specific Format number in block i, should not use the 
parameters in this Extended Information block (see Annex P). 


Note: the contents of an EI block are identified by the Format number of the block only. The position of the EI 
block in the ADIP Aux Frame is irrelevant for this, so an EI block with Format number n could be allocated at 
any position i. Therefore drives should always check the Format numbers in the EI blocks to be sure that the 
write strategies are correctly interpreted. 


Bytes (65 + 1x32) to (95 + 1x32) 
Each parameter set defined for these bytes shall be identified by a unique Format number. 


Bytes 248 to 255 - Reserved for use in the Control Data Zone - АП (00) 
These bytes can not be copied to the Control Data Zone and shall therefore not be used and be set to (00). 


Extended information for the “4x+” write strategy 


This Extended Information block specifies the parameters for a write strategy usable at speeds of 4 times 
the basic DVD speed (4x3,49 m/s) or higher. The write strategy used at these speeds 15 a so-called 
“Blocked” write strategy as defined in Annex G2. 


If the disc can not be recorded under these “4x+” conditions, this EI block shall not be used (all bytes set 
to (00) and related Extended Information indicator bit set to ZERO). 
Byte 18 - Extended Information indicators 


This byte shall be зе to xxxx xxx1 indicating Extended Information block 0 is in use. 
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Table 5 - Extended Information block 0 


Continuation bit / Format number 
— — —F-1— 
Pra ang v бериштеги ы Го 
C Upper recording oci remm SE ok | 
ГО MmmawepswsBimnwAdy — | 1 


64 
65 
dPw (=3T) power enhancement for cm =3T at Primary velocity 
dPw (САТ) power enhancement for cm =4T at Primary velocity 





ele} — 


ele 


Trop (24T) first part of write pulse for cm 24T at Primary velocity 
(= AT top (2АТ) + Ty) 


л 

80 10 81 Reserved - АП (00) 
Ге Бо манн чайнага онаа 
Cse ИТТИ И 
ПИ ЕН тет ГЕНИ 3 
Ою [a Sy pover enhancement irem тиа — | 1 
Сю | ао poser enhancement orem TAT a онаа — | — 1. ] 


87 Trop (24T) first part of write pulse for ст 24T at Upper velocity 
(= Тор (24T) + Tw) 


Trop (=3T) write pulse duration for cm =3T at Upper velocity КЕ мо id 





=| > 





= "| —"| — | — | на 


— 


БЕГЕН ИШЕНИШЕТ" ЖЕШИН 
[99 [is pa or wipe orem ата Upper | 


Byte 64 - Extended Information block 0 Continuation bit / Format number 


This byte shall be set to 0000 0001, indicating Format 1 and this block not being a continuation block, for which 
bytes 65 to 95 have the following meaning: 


Byte 65 - Reserved 
This byte is reserved and shall be set to (00) 
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Byte 66 – Primary recording velocity for the parameter set in this EI block 


This byte indicates the lowest recording velocity of the disc for the parameters as defined in this EI block. This 
recording velocity shall be specified as a number n such that 


n=4x Vprimary,EI 0 (n rounded off to an integral value) 


It shall be 
set to (38) indicating a Primary writing speed of about 14 m/s (4x). 


Byte 67 - Upper recording velocity for the parameter set in this EI block 


This byte indicates the highest recording velocity of the disc for the parameters as defined in this EI block. This 
recording velocity shall be specified as a number n such that 


n=4x VUpper,EI 0 (n rounded off to an integral value) 


It shall be 
set to (38) indicating an Upper writing speed of about 14 m/s (4x). (In future, when higher recording speeds 
which are compatible with this write strategy become possible, higher values can be allowed.) 


Byte 68 - Maximum read power, P, at Primary velocity 

This byte shall specify the maximum read power P, in milliwatts at Primary velocity as a number n such that 
n= 20 x (P, — 0,7) 

Byte 69 - Руур at Primary velocity 


Рур is the starting value for the determination of Pwo used in the OPC algorithm, see Annex I and Annex К. 
This byte shall specify the indicative value Рур of Pwo in milliwatts at Primary velocity and Хур as a number 
n such that 


n=5 х (Рур - 5) 
Byte 70 - Ptarget at Primary velocity 


This byte shall specify the target value for В, Brarget at Primary velocity used in the OPC algorithm (see Annex 
I) as a number n such that 


п = 100 x (Btarget 1) 
Byte 71 - dPw (=3T) power enhancement for current mark =3T at Primary velocity 


This byte shall specify the additional power for writing the 3T marks (see Annex G.2) at Primary velocity as a 
number n such that 


п = 200 x dPw / Pwo and 0<n<100 
Byte 72 - dPw (=4T) power enhancement for current mark =4T at Primary velocity 


This byte shall specify the additional power for writing the 4T marks (see Annex G.2) at Primary velocity as a 
number n such that 


п = 200 x dPw / Pwo and 0<n<100 
Byte 73 – Top (24T) first part of write pulse for current mark 24T at Primary velocity 


This byte shall specify the duration of the first part of the write pulse when the current mark is a 4T or greater 
mark for recording at Primary velocity (see Annex G.2). The value is expressed in fractions of the Channel bit 
clock period as a number 7 such that 


T 
n-16x p and n = value of byte 77 + 16 
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Byte 74 – Tip (=3T) write pulse duration for current mark =3T at Primary velocity 


This byte shall specify the duration of the write pulse when the current mark is a 3T mark for recording at 
Primary velocity (see Annex G.2). The value is expressed in fractions of the Channel bit clock period as a 
number 7 such that 


T 
n-16x p and 4 спе 48 


Byte 75 – Тир at Primary velocity 


This byte has been added for consistency with the basic description of the write strategy (see Annex G). The 
value is expressed in fractions of the Channel bit clock period as a number п such that 


T 
n-16x 4 апа п= 16 


Byte 76 – Т, last part of write pulse at Primary velocity 
Ip 


This byte shall specify the duration of the last part of the write pulse when the current mark is a 4T or greater 
mark for recording at Primary velocity (see Annex G.2). The value is expressed in fractions of the Channel bit 
clock period as a number n such that 


T 
n= 16 х А and 0<п<16 
W 


Byte 77 – AT top (24T) write pulse lead time for current mark >4T at Primary velocity 


When the current mark is a 4T or greater mark, this byte shall specify the lead time of the write pulse relative to 
the trailing edge of the second Channel bit of the data pulse, for recording at Primary velocity (see Annex G.2). 
The value is expressed in fractions of the Channel bit clock period as a number п such that 


Тор 


n-l6x and 0<1<32 


W 
Byte 78 – AT top (=3T) write pulse lead time for current mark =3T at Primary velocity 


When the current mark is a 3T mark, this byte shall specify the lead time of the write pulse relative to the trailing 
edge of the second Channel bit of the data pulse, for recording at Primary velocity (see Annex G.2). The value 
is expressed in fractions of the Channel bit clock period as a number n such that 


ор 


n-l6x Туу 


апа 0<п<32 
Byte 79 – dT), write pulse leading edge shift for previous space =3T at Primary velocity 


This byte shall specify the leading edge shift for the write pulse when the previous space was a 3T space for 
recording at Primary velocity (see Annex G.2). The value is expressed in fractions of the Channel bit clock 
period as a number n such that 


п=16х Чуд and 0<п<4 
W 


Bytes 80 to 81 - Reserved - All (00) 
These bytes shall be set to all (00). 


Byte 82 - Maximum read power, P, at Upper velocity 


This byte shall specify the maximum read power P, in milliwatts at Upper velocity as a number n such that 


n= 20 x (Р. – 0,7) 
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Byte 83 - Ргуру at Upper velocity 


Рур is the starting value for the determination of Pwo used in the OPC algorithm, see Annex I and Annex К. 
This byte shall specify the indicative value Prwr of Pwo in milliwatts at Upper velocity and Хур as a number n 
such that 


п= 5 х (PmNp- 5) 
Byte 84 - Ptarget at Upper velocity 


This byte shall specify the target value for В, Brarget at Upper velocity used in the OPC algorithm (see Annex I) 
as a number n such that 


n = 100 x (Btarget + 1) 
Byte 85 - dPw (=3T) power enhancement for current mark =3T at Upper velocity 


This byte shall specify the additional power for writing the 3T marks (see Annex G.2) at Upper velocity as a 
number n such that 


n — 200 x dPw / Pwo and 0 сл < 100 
Byte 86 - dPw (=4T) power enhancement for current mark =4T at Upper velocity 


This byte shall specify the additional power for writing the 4T marks (see Annex G.2) at Upper velocity as a 
number n such that 


n — 200 x dPw / Pwo and 0 сл с 100 
Byte 87 – Top САТ) first part of write pulse for current mark >4T at Upper velocity 


This byte shall specify the duration of the first part of the write pulse when the current mark is a 4T or greater 
mark for recording at Upper velocity (see Annex G.2). The value is expressed in fractions of the Channel bit 
clock period as a number п such that 


T, 
n= 16 х А апі n = value of byte 91 + 16 
ми 
Вуѓе 88 – Trop (=3T) write pulse duration for current mark =3T at Upper velocity 


This byte shall specify the duration of the write pulse when the current mark is a 3T mark for recording at Upper 
velocity (see Annex G.2). The value is expressed in fractions of the Channel bit clock period as a number n 
such that 


T 
n=16x A and 4 спе 48 
W 


Byte 89 – Tmp at Upper velocity 


This byte has been added for consistency with the basic description of the write strategy (see Annex G). The 
value is expressed in fractions of the Channel bit clock period as a number п such that 


T 
n-16x pi and n-16 
W 


Byte 90 – Т], last part of write pulse at Upper velocity 
Ip 


This byte shall specify the duration of the last part of the write pulse when the current mark is a 4T or greater 
mark for recording at Upper velocity (see Annex G.2). The value is expressed in fractions of the Channel bit 
clock period as a number 7 such that 


T 
n-16x А and 0<л<16 
W 
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Byte 91 – AT top (24T) write pulse lead time for current mark 24T at Upper velocity 


When the current mark is a 4T or greater mark, this byte shall specify the lead time of the write pulse relative to 
the trailing edge of the second Channel bit of the data pulse, for recording at Upper velocity (see Annex G.2). 
The value is expressed in fractions of the Channel bit clock period as a number п such that 
Тор 

W 


n=16x and 0<n<32 


Byte 92 – AT top (=3T) write pulse lead time for current mark =3T at Upper velocity 


When the current mark is a 3T mark, this byte shall specify the lead time of the write pulse relative to the trailing 
edge of the second Channel bit of the data pulse, for recording at Upper velocity (see Annex G.2). The value is 
expressed in fractions of the Channel bit clock period as a number n such that 


ор 


n-l6x Ts 


and 0<п<32 


Byte 93 - dT), write pulse leading edge shift for previous space =3T at Upper velocity 


This byte shall specify the leading edge shift for the write pulse when the previous space was a 3T space for 
recording at Upper velocity (see Annex G.2). The value is expressed in fractions of the Channel bit clock period 
as a number n such that 


n-l6x 


ша and 0<п<4 


W 
Bytes 94 to 95 - Reserved - All (00) 


These bytes shall be set to all (00). 
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14.4.2.3.2 Extended information for the “6x+” write strategy (8x parameters) 


This Extended Information block specifies the parameters for a write strategy usable at speeds of 6 times 
the basic DVD speed (6x3,49 m/s) or higher. The write strategy used at these speeds is a so-called “Castle” 
write strategy as defined in Annex G.3. 


Because of too high rotational speeds at the inner side (see 9.5), the write strategy parameters for the 
Upper velocity shall be determined at the outer diameter of the disc. 


If the disc can not be recorded under these “6x+” conditions, this EI block shall not be used (all bytes set 
to (00) and related Extended Information indicator bit set to ZERO). 


Byte 18 - Extended Information indicators 


This byte shall be зе to xxxx xx1x indicating Extended Information block 1 is in use. 


Table 6 - Extended Information block 1 
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Byte 96 - Extended Information block 1 Continuation bit / Format number 


This byte shall be set to 0000 0010, indicating Format 2 and this block not being a continuation block, for which 
bytes 97 to 127 have the following meaning: 


Byte 97 - Reserved 
This byte is reserved and shall be set to all (00). 
Byte 98 – Primary recording velocity for the parameter set in this EI block 


This byte indicates the lowest recording velocity of the disc for the parameters as defined in this EI block. This 
recording velocity shall be specified as a number n such that 


п = 4 X Vprimary,EI 1 (n rounded off to an integral value) 


It shall be 
set to (54) indicating a Primary writing speed of about 21 m/s (6x). 


Byte 99 — Upper recording velocity for the parameter set in this EI block 


This byte indicates the highest recording velocity of the disc for the parameters as defined in this EI block. This 
recording velocity shall be specified as a number n such that 


n-4x VUpper,EI 1 (n rounded off to an integral value) 


It shall be 
set to (70) indicating an Upper writing speed of about 28 m/s (8x). (In future, when higher recording speeds 
which are compatible with this write strategy become possible, higher values can be allowed.) 


Byte 100 - Maximum read power, P, at Primary velocity 

This byte shall specify the maximum read power P, in milliwatts at Primary velocity as a number n such that 
п = 20 x (P, — 0,7) 

Byte 101 - Рур at Primary velocity 


Рур is the starting value for the determination of Pwo used in the OPC algorithm, see Annex I and Annex К. 
This byte shall specify the indicative value Рур of Pwo in milliwatts at Primary velocity and Хур as a number 
n such that 


n-5x(Pmp-5) 
Byte 102 - Ptarget at Primary velocity 


This byte shall specify the target value for В, Brarget at Primary velocity used in the OPC algorithm (see Annex 
I) as a number n such that 


n= 100 x (Brarget + 1) 
Byte 103 - dPw power enhancement at Primary velocity 


This byte shall specify the additional power for the 3T write pulse and for the beginning and end of all other 
write pulses (see Annex G.3) at Primary velocity as a number n such that 


п = 200 x dPw / Pwo and 0 сис 255 
Byte 104 - Түз write pulse duration for ЗТ marks at Primary velocity 


This byte shall specify the duration of the write pulse when the current mark is a 3T mark for recording at 
Primary velocity (see Annex G.3). The value is expressed in fractions of the Channel bit clock period as a 
number п such that 


п=16х Ту and — 16<1<48 
W 
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Byte 105 – Тү, duration of power enhancement at Primary velocity 
top 


This byte shall specify the duration of the power enhancement at the beginning of each write pulse when the 
current mark is a 4T or greater mark for recording at Primary velocity (see Annex G.3). The value is expressed 
in fractions of the Channel bit clock period as a number 7 such that 


Т, 
n=16x s and 4<1<32 


Byte 106 - Tena (25T) duration of power enhancement for ст 25T at Primary velocity 


This byte shall specify the duration of the power enhancement at the end of each write pulse when the current 
mark is a 5T or greater mark for recording at Primary velocity (see Annex G.3). The value is expressed in 
fractions of the Channel bit clock period as a number п such that 


n- 16x Тему ad 4<п<32 
ми 
Byte 107 - Тепа ССЧТ) duration of power enhancement for cm =4T at Primary velocity 


This byte shall specify the duration of the power enhancement at the end of each write pulse when the current 
mark is a 4T mark for recording at Primary velocity (see Annex G.3). The value is expressed in fractions of the 
Channel bit clock period as a number 7 such that 


n= 16x Tena add 4<п<32 
W 

Byte 108 - dT), write pulse leading edge shift for previous space =3T at Primary velocity 

This byte shall specify the leading edge shift for the write pulse when the previous space was a 3T space for 
recording at Primary velocity (see Annex G.3). The value is expressed in fractions of the Channel bit clock 
period as a number n such that 


dTie 
Tw 


n=16x and O<n<4 
Byte 109 - Тс end of cooling gap at Primary velocity 


This byte shall specify the end of the cooling gap for recording at Primary velocity (see Annex G.3). The value 
is expressed in fractions of the Channel bit clock period as a number п such that 


п=16х 194 and 16<1<32 

WwW 

Bytes 110 to 113 - Reserved - АП (00) 

These bytes shall be set to all (00). 

Byte 114 - Maximum read power, P, at Upper velocity 

This byte shall specify the maximum read power P, in milliwatts at Upper velocity as a number n such that 
п = 20 x (Р. — 0,7) 

Byte 115 - Руур at Upper velocity 


Py p 1 the starting value for the determination of Pwo used in the OPC algorithm, see Annex I and Annex К. 
This byte shall specify the indicative value Ppyp of Pwo in milliwatts at Upper velocity and Хур as a number n 
such that 


n-5x(Pmp-5) 
Byte 116 - Ptarget at Upper velocity 


This byte shall specify the target value for В, Brarget at Upper velocity used in the OPC algorithm (see Annex I) 
as a number п such that 


n = 100 x (Brarget 1) 
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Byte 117 - dPw power enhancement at Upper velocity 


This byte shall specify the additional power for the 3T write pulse and for the beginning and end of all other 
write pulses (see Annex G.3) at Upper velocity as a number n such that 


n — 200 x dPw / Pwo and 0<n< 255 
Byte 118 – Түз write pulse duration for ЗТ marks at Upper velocity 


This byte shall specify the duration of the write pulse when the current mark is a 3T mark for recording at Upper 
velocity (see Annex G.3). The value is expressed in fractions of the Channel bit clock period as a number n such 
that 


n=16x Пу and 16<л<48 
W 


Byte 119- Теор duration of power enhancement at Upper velocity 


This byte shall specify the duration of the power enhancement at the beginning of each write pulse when the 
current mark is a 4T or greater mark for recording at Upper velocity (see Annex G.3). The value is expressed in 
fractions of the Channel bit clock period as a number п such that 


Т, 
n=16x ма and 4<1<32 


Byte 120 - Tena (25T) duration of power enhancement for ст 25T at Upper velocity 


This byte shall specify the duration of the power enhancement at the end of each write pulse when the current 
mark is a 5T or greater mark for recording at Upper velocity (see Annex G.3). The value is expressed in 
fractions of the Channel bit clock period as a number п such that 


n 16x Тому and 4<n<32 
W 


Byte 121 - Тепа (4T) duration of power enhancement for cm =4T at Upper velocity 


This byte shall specify the duration of the power enhancement at the end of each write pulse when the current 
mark is a 4T mark for recording at Primary velocity (see Annex G.3). The value is expressed in fractions of the 
Channel bit clock period as a number 7 such that 


n- 16x Tena add  4<n<32 
ми 

Byte 122 - dT), write pulse leading edge shift for previous space =3T at Upper velocity 

This byte shall specify the leading edge shift for the write pulse when the previous space was a 3T space for 
recording at Upper velocity (see Annex G.3). The value is expressed in fractions of the Channel bit clock period 
as a number n such that 


dTie 
Tw 


n=16x and O<n<4 
Byte 123 - Тс end of cooling gap at Upper velocity 


This byte shall specify the end of the cooling gap for recording at Upper velocity (see Annex G.3). The value is 
expressed in fractions of the Channel bit clock period as a number п such that 


п=16х 164 and — 16 <n $32 
W 

Bytes 124 to 126 - Reserved - All (00) 

These bytes shall be set to all (00). 
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Byte 127 – Pupper/Pprimary ratio 


This byte shall specify the ratio of the optimized write power at the Upper recording velocity, PwoUpper, and the 
optimized write power at the Primary recording velocity, Pwoprimary, where PwoUpper and Pwoprimary shall be 
the write power level without emphasis determined at about the same diameter. The ratio is expressed as a 
number п such that 


Pwo 
n- 200x | Uppet | 
WO Primary 





14.4.2.3.3 
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Extended information for the “6x+” write strategy (16x parameters) 


This Extended Information block specifies the parameters for a write strategy usable at speeds of 6 times 
the basic DVD speed (6x3,49 m/s) up to 16 times the basic DVD speed (16x3,49 m/s). The write strategy 
used at these speeds is basically the same “Castle” write strategy as for the 8x disc defined in 14.4.2.3.2 
and Annex G.3. Only some parameters have adapted ranges for their values. 


Because of too high rotational speeds at the inner side (see 9.5), the write strategy parameters for the 
Upper velocity shall be determined at the outer diameter of the disc. 


If the disc can not be recorded under these “6x+” conditions, this EI block shall not be used (all bytes set 
to (00) and related Extended Information indicator bit set to ZERO). 


Byte 18 – Extended Information indicators 


This byte shall be зе to xxxx x1xx indicating Extended Information block 2 is in use. 


Table 7 - Extended Information block 2 
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Byte 128 - Extended Information block 2 Continuation bit / Format number 


This byte shall be set to 0000 0011, indicating Format 3 and this block not being a continuation block, for which 
bytes 129 to 159 have the following meaning: 


Byte 129 - Reserved 
This byte is reserved and shall be set to all (00). 
Byte 130 - Primary recording velocity for the parameter set in this EI block 


This byte indicates the lowest recording velocity of the disc for the parameters as defined in this EI block. This 
recording velocity shall be specified as a number n such that 


п = 4 X Vprimary,EI 1 (n rounded off to an integral value) 


It shall be 
set to (54) indicating a Primary writing speed of about 21 m/s (6x). 


Byte 131 - Upper recording velocity for the parameter set in this EI block 


This byte indicates the highest recording velocity of the disc for the parameters as defined in this EI block. This 
recording velocity shall be specified as a number n such that 


п= 4х VUpper,EI 1 (n rounded off to an integral value) 


It shall be 
set to (DF) indicating an Upper writing speed of about 55,8 m/s (16x). 


Bytes 132 to 140 
These bytes shall have the same definitions and value ranges as bytes 100 to 108 in 14.4.2.3.2. 


Byte 141 - Тс end of cooling gap at Primary velocity 


This byte shall specify the end of the cooling gap for recording at Primary velocity (see Annex G.3). The value 
is expressed in fractions of the Channel bit clock period as a number п such that 


п=16х 194 and 16<лп<40 
W 


Note: to preserve good tracking signals during recording, it is recommended to keep the cooling gap as short 
as possible. 


Bytes 142 to 145 - Reserved - АП (00) 

These bytes shall be set to all (00). 

Bytes 146 to 154 

These bytes shall have the same definitions and value ranges as bytes 114 to 122 in 14.4.2.3.2. 


Byte 155 - Тс end of cooling gap at Upper velocity 


This byte shall specify the end of the cooling gap for recording at Upper velocity (see Annex G.3). The value is 
expressed in fractions of the Channel bit clock period as a number п such that 


п=16х 194 and 16<1<40 
W 


Note: to preserve good tracking signals during recording, it is recommended to keep the cooling gap as short 
as possible. 


Bytes 156 to 158 - Reserved - АП (00) 
These bytes shall be set to all (00). 
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Byte 159 – Pupper/Pprimary ratio 


This byte shall specify the ratio of the optimized write power at the Upper recording velocity, PwoUpper, and the 
optimized write power at the Primary recording velocity speed, Pwoprimary, where PwoUpper and Pwoprimary 
shall be the write power level without emphasis determined at about the same diameter. The ratio 1s expressed as 
a number 7 such that 


Pwo 
n= 200x| —— =“ _1,5 
WOpPrimary 
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Section 4 - Format of the Information Zone 


15 General description of the Information Zone 


The Information Zone shall contain all information on the disc relevant for data interchange. The Information Zone 
may contain one or more sessions (see clause 22). In double-sided discs there is one Information Zone per side. The 
Data Zones are intended for the recording of User Data. 


The Lead-in Zone contains control information. The Lead-out Zone allows for a continuous smooth lead-out and also 
contains control information. 


The Inner and Outer Drive Areas are meant for disc testing. 


In the next clauses 16 to 21 a description is given for a Single-session disc. In such a disc, the Lead-in Zone, the Data 
Zone and the Lead-out Zone constitute the recordable area in which the information is recorded using a non-reversible 
effect. The layout of a Multi-session disc 15 defined in clause 22. 


16 Layout of the Information Zone of a Single-session disc 
The Information Zone of single-sided and of each side of double-sided discs shall be sub-divided as shown in Table 8. 
The radii indicated in Table 8 for some of the Zones are the nominal values of the centre of the first (or last) track of 
the Zone. 

16.1 Physical Sector Numbers (PSNs) 


The first Physical Sector of the Data Zone shall have PSN (030000). The PSNs increase by 1 for each next Physical 
Sector in the whole Information Zone. (Figure 22). 





























Information Zone 
| Inner Lead-in Data Zone Lead-out Outer 
Physical Drive Zone Zone Drive 
Sector Area Area 
Number 
Address 
(O2FFFF)— ‘—(030000) Radius ————> 


Figure 22 - Physical Sector numbering 


Note: The Physical Sector Number of the first Physical Sector of the Data Zone is large enough so as to prevent a 
Physical Sector Number <0 to occur anywhere on the disc. 
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Table 8 - Layout of a fully recorded Single-session disc (for 80 mm disc see Annex A) 


in mm Physical Sector | Physical Sectors 
- Dm 
Go | em 
emu | ae 
ema | aoe 
помо јама 
Reseved ТИИ | ССИ ЕС 
Remiza Г Бен | © 
ПЕРИ е ИНИ ИКИ ИНЕС 
(оку | 3 
бис ој рење а 


Control Data Zone (02F200) 3072 
S Du: Zone 2 (02 2200) 512 


start 24,000 mm | (030000) 2 295 104 max 


EMT Zone 3 start 58,000 mm | (260540) max 768 
(at full capacity) 
Lead-out 





Сет ИИ 35% 
Outer Disc | Ошег Disc Administration Zone | Zone start 58,053 mm (261940) 4 096 
Drive Area [Outer Disc Test Zone | [Outer Disc Test Zone | Disc Test Zone start 58,139 mm (263940) 16 384 


Guard Zone 3 start 58,310 mm (267940) blank 
end > 58,500 mm 








17 Inner Drive Area 


The Inner Drive Area 15 the innermost zone of the disc which 15 used by the drive for performing disc tests and OPC 
algorithms. It shall consist of the parts shown in Figure 23. 


The Physical Sector Number of the first and last Physical Sector of each part is indicated in Figure 23 in hexadecimal 
and decimal notation and the number of Physical Sectors in each part are indicated in decimal notation. 


Unused ECC Blocks in the Inner Drive Area shall be left unrecorded (also at finalization of the disc). 
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Initial Zone 





Physical Sector 143 488 Physical Sector (023080) 


Inner Disc Test Zone 


Physical Sector 159 871 LOOSE P a sectas 


Physical Sector 159 872 


Physical Sector (02707F) 


Count Zone Run-in Physical Sector (027080) 


Physical Sector 160 895 РУКЕ 


Physical Sector 160 896 


Physical Sector (02747F) 
Physical Sector (027480) 





Inner Disc Count Zone 


Physical Sector 164 991 ЧИ АТАРА зен 


Physical Sector 164 992 


Physical Sector (02847F) 
Physical Sector (028480) 





Inner Disc Administration Zone 


Physical Sector 169 087 "УН А јот 


Physical Sector 169 088 


Physical Sector (02947F) 
Physical Sector (029480) 





Table of Contents Zone 


4 096 Physical Sectors 


Physical Sector 173 183 Physical Sector (02A47F) 





Lead-in Zone 








Figure 23 - Inner Drive Area 


17.1 Initial Zone 
This Zone shall remain blank. 


17.2 Inner Disc Test Zone 


16 384 Physical Sectors reserved for drive testing and OPC algorithms (see Annex I). The order in which these 
Physical Sectors shall be used is from the outer side of the disc towards the inner side of the disc, so from the 
highest address towards the lowest address. 


17.3 Count Zone Run-in 
This area with the size of 1 024 Physical Sectors 15 meant as a Run-in area for the Inner Disc Count Zone and shall 
be left unrecorded. 

17.4 Inner Disc Count Zone 


4 096 Physical Sectors reserved for counting the number of OPC algorithms performed in the Inner Disc Test Zone 
(see Annex I). 


Whenever an ECC Block or part of it in the Inner Disc Test Zone has been recorded, the ECC Block shall be 
flagged by recording 4 Physical Sectors in the Inner Disc Count Zone. These 4 Physical Sectors shall be formatted 
according to the rules specified in 13.1 and the underlying subclauses, 13.2, 13.4, 13.5 and 13.6, whereby the Main 
Data bytes and the PI and PO bytes (see 13.3) can be chosen freely. 

The relation between the first Physical Sector number PSNypr of the used ECC Block in the Inner Disc Test Zone 


and the Physical Sector numbers PSNjpc to Р5№рс +3 of the 4 Physical Sectors in the Inner Disc Count Zone is 
determined by the following mathematical expression: 


PSNipc = {(РЅМрт) – (023080)}/(04) + (027480) 


17.5 Inner Disc Administration Zone 


4 096 Physical Sectors to be used for optional drive specific information. The first 16 physical sectors of this Zone 
shall be filled with all Main Data set to (00). 
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Table 9 – General format of Disc Administration ECC Blocks 


Physical Sector of Main Data BP Description 
each Adm. Block 
P| Byes [бше 


[5 Ге рр 
PF Bwehg |та 
орар [Weed —— 





Physical Sector 0 / bytes Dg to D4 — Content Descriptor 


these bytes identify the Administration Block and shall be set to (41444D00), representing the characters “ADM” 
and the version number 0. 


Physical Sector 0 / bytes D4 to D7 — Reserved 

these bytes are reserved and shall be set to (00) 

Physical Sector 0 / bytes Dg to "зо – Drive ID 

these bytes shall contain the drive ID as specified in 25.1, bytes Dg to Озу. 
Physical Sector 0 / bytes D49 to Dg3 - Reserved 

these bytes are reserved and shall be set to (00) 

Physical Sector 0 / bytes Dg4 to Dz 947 – Drive Specific 


these bytes may be used to store Drive Specific information. The format 1s not defined and can be freely chosen by 
the drive manufacturer. 


Physical Sectors 1 to 15 / bytes Dg to Dz 947 - Drive Specific 


these bytes may be used to store Drive Specific information. The format 1s not defined and can be freely chosen by 
the drive manufacturer. 


17.6 Table of Contents (TOC) Zone 


17.6.1 


4 096 Physical Sectors to store information about the locations of Sessions and recordings on the disc. The first 16 
physical sectors of this Zone shall be filled with all Main Data set to (00). 


This Zone consists of 2 parts: 
- part 1: consists of 191 ECC Blocks (TOC Blocks) to be used to store the locations of all Closed Sessions, 


- part 2: consists of 1024 Physical Sectors, grouped in units of 4 sectors, where each unit corresponds to one 
ADIP word. These units shall be used as Recorded Area Indicators. 


Table of Contents Blocks 


Whenever a Session is closed, the next ECC Block in the Table of Contents Zone, immediately following the 
last TOC Block, shall be recorded with the locations of all Closed Sessions. The first ECC Block in the Table of 
Contents Zone has to be used as a run-in for the second ECC Block. If all 191 TOC Blocks have been used, no 
additional Sessions shall be added (see also 23.2 and 23.3). 
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The format of the TOC Blocks shall Бе as defined in Table 10: 


Table 10 - Format of the TOC Blocks 





















































Physical Sector Main Data Description number 
of TOC block byte position of bytes 
0 Do to D3 Content Descriptor 4 
0 D4 to D7 Reserved and set to (00) 4 
0 Dg to D39 Drive ID 32 
0 D49 to D63 Reserved and set to (00) 24 
0 
0 D64+ix16 to D79+ix16 TOC Item i 16 
0 28 d 
0 D64+(N-1)x16 to D79+(N- TOC Item N-1 16 
1)x16 
0 D644Nx16 10 D2 047 Reserved and set to (00) 1 984 - Nx16 
1103 Do to D» 047 Extension for TOC Items 3x2 048 
Or 
Reserved and set to (00) 
4107 Do to D5 047 Repetition of Sectors 0 to 3 4x2 048 
(recommended) or 
Reserved and set to (00) 
8 to 11 Do to D5 047 Repetition of Sectors 0 to 3 4x2 048 
(recommended) or 
Reserved and set to (00) 
12 to 15 Do to Р» 047 Repetition of Sectors 0 to 3 4x2 048 
(recommended) or 
Reserved and set to (00) 








Physical Sector 0 / bytes Dg to D3 - Content Descriptor 


these bytes identify the TOC Block and shall be set to (544F4300), representing the characters *TOC" and the 
version number 0. 


Physical Sector 0 / bytes D4 to ру — Reserved 

these bytes are reserved and shall be set to (00) 

Physical Sector 0 / bytes Dg to Озо - Drive ID 

these bytes shall contain the drive ID as specified in 25.1, bytes Dg to Озу. 
Physical Sector 0 / bytes D49 to D63 — Reserved 

these bytes are reserved and shall be set to (00) 

Physical Sector 0 / bytes D64 to Dy 947 - TOC Items 


these bytes are grouped in units of 16 bytes each. Each unit of 16 bytes may contain a TOC Item according to the 
format defined in 17.6.1.1. All bytes not containing TOC Items shall be set to (00). 


Physical Sectors 1 to З / bytes Dg to D3 947 – Extension for TOC Items or Reserved 


these bytes may hold additional TOC Items. 
АП bytes not containing TOC Items shall be set to (00). 


17.6.1.1 
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Physical Sectors 4 to 15 / bytes Dg to D5 д47 – 3 Repetitions of Sectors 0 to З or all Reserved 


For robustness reasons it is recommended to repeat the content of Sectors 0 to 3 in Sectors 4 to 7, in Sectors 8 to 11 
and in Sectors 12 to 15. 


If this option is not used, these bytes shall be set to (00). 
It is a matter of drive implementation to recognize and make use of the repetitions. 




















TOC Items: 

Item byte Description number 
position of bytes 

Во to Во TOC Item descriptor 3 

B4 Session Status 1 

B4 Session number 1 

Bs to B7 Session start address 3 

Bg to Byg Session end address 3 

By, to By Last Fragment number in Session 2 

B43 to Bys Reserved and set to (00) 3 

















The TOC Block shall contain a TOC Item for each Closed Session on the disc. The TOC Items shall be ordered 
with increasing numbers and addresses. 

TOC Item bytes By to B5 – TOC Item descriptor 

these 3 bytes identify the item type and shall be set to (544349), representing the characters “TCT”. 


TOC Item byte Вз – Session Status 
this byte shall indicate the Status of the last Session. It shall be set to (00) in all TOC Items, except in the TOC 
Item describing the last Session on the disc. 


If set to (00) in the last TOC Item, adding a new Session to the disc is allowed. 

If set to (01) in the last TOC Item, the last Session shall be the final Session on the disc. The disc has been 
finalized and adding new Sessions is not allowed (see 23.3) 

TOC Item byte B4 - Session number 

this byte shall specify the sequence number of the Session specified in this item. 


TOC Item bytes Bs to Ву – Session start address 

these 3 bytes shall specify the PSN of the first Physical Sector in the Data Zone of the Session specified in this 
item. 

TOC Item bytes Bg to Ву) - Session end address 

these 3 bytes shall specify the PSN of the last Physical Sector in the Data Zone of the Session specified in this 
Item. 

TOC Item bytes Ву у to Вуз — Last Fragment number in Session 

these 2 bytes specify the sequence number of the last Fragment in the Session specified in this item. 

If this option 15 not used, these bytes shall be set to (00). 

TOC Item bytes Вуз to B45 - Reserved 

these 3 bytes are reserved and shall be set to (00). 
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17.6.2 Recorded Area Indicators (optional) 


To speed up the access of the disc, the recorder needs to know in which region of the disc the last written ECC 
Block can be found. For this purpose a kind of “bitmap” is defined, based on recorded areas with the size of 
4 Physical Sectors, each area corresponding to one ADIP word. The 4 Physical Sectors shall be formatted 
according to the rules specified in 13.1 and the underlying subclauses, 13.2, 13.4, 13.5 and 13.6, whereby the 
Main Data bytes and the PI and PO bytes (see 13.3) can be chosen freely. 


1 024 Physical Sectors have been reserved for this “bitmap” purpose, allowing to divide the disc into maximum 
256 regions. The Recorded Area Indicators shall be used from the outer side of the TOC Zone towards the inner 
side of the TOC Zone (see Figure 24). By means of an “HF-detection” the recorder can find the locations of the 
Recorded Area Indicators and determine the regions which contain recorded ECC Blocks. 


Whenever the disc is ejected from a drive supporting this option, the Recorded Area Indicators shall reflect the 
actual status of the recordings on the disc. 


Recorded Area Indicators (identified by their PSNs) 














< > 
TOC | (02A080)- | (02A084)- = (02A300)- | (02A304)- M (024478)- | (02A47C)- | Guard 
Blocks | -(024083) | -(02A087) -(02A303) | -(024307) -(02А47В) | -(02A47F) | Zone 1 
« > | < > 
Blank Recorded 








Figure 24 – Use of Recorded Area Indicators 


Each region of 640 ECC Blocks between PSN = (030000) and PSN = (26053F) corresponds to one Recorded 
Area Indicator. All regions that contain one or more recorded ECC Blocks shall be indicated by their Recorded 
Area Indicator. In mathematical form: 

if the Recorded Area Indicator composed of the Physical Sectors with PSNp ду to РБ Мр дү + 3 has been 

recorded, then the region between: 

PSN = {(02A47C)-(PSNp др х(А00)+(030000) and PSN = ((02A47C)-(PSNg ADI х(А00)+(0327ЕЕ) 

contains recorded ECC Blocks, 

or in decimal notation: 

PSN = {173180-PSNp ду} х2560+196608 and PSN = (173180-Р5 Мр дт} х2560+206847. 


18 Lead-in Zone 
The Lead-in Zone is located at the inner side of the Information Zone. It shall consist of the parts shown in Figure 25. 


The Physical Sector Number of the first and last Physical Sector of each part is indicated in Figure 25 in hexadecimal 
and decimal notation and the number of Physical Sectors in each part are indicated in decimal notation. 


A maiden disc does not have any data recorded in the Lead-in Zone. After finalization of the disc or closing of the 
first Session, the Lead-in Zone shall be recorded according to 18.1 to 18.9. 


18.1 Guard Zone 1 


This Guard Zone is used to create a minimum amount of Lead-in Zone required for compatibility. This zone shall 
contain 14 848 Physical Sectors, all filled with Main Data set to (00). 


18.2 Reserved Zone 1 
4 096 Physical Sectors are reserved and shall be set to (00). 


18.3 Reserved Zone 2 
64 Physical Sectors are reserved and shall be set to (00). 


Physical Sector 173 184 


Physical Sector 188 031 
Physical Sector 188 032 


Physical Sector 192 127 
Physical Sector 192 128 


Physical Sector 192 191 
Physical Sector 192 192 


Physical Sector 192 447 
Physical Sector 192 448 


Physical Sector 192 511 
Physical Sector 192 512 


Physical Sector 192 543 
Physical Sector 192 544 


Physical Sector 193 023 
Physical Sector 193 024 


Physical Sector 196 095 
Physical Sector 196 096 
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Inner Drive Area 


Guard Zone 1 
14 848 Physical Sectors 


with Main Data set to (00) 





Reserved Zone 1 
4 096 Physical Sectors 





Reserved Zone 2 
64 Physical Sectors 





Inner Disc Identification Zone 


256 Physical Sectors 





Reserved Zone 3 
64 Physical Sectors 





Reference Code Zone 
32 Physical Sectors 





Buffer Zone 1 
480 Physical Sectors 


with Main Data set to (00) 





Control Data Zone 
3 072 Physical Sectors 


Physical Sector (024480) 


Physical Sector (02DE7F) 
Physical Sector (02DE80) 


Physical Sector (02EE7F) 
Physical Sector (02ЕЕ80) 


Physical Sector (02EEBF) 
Physical Sector (02ЕЕСО) 


Physical Sector (02EFBF) 
Physical Sector (02EFCO) 


Physical Sector (02EFFF) 
Physical Sector (02F000) 


Physical Sector (02F01F) 
Physical Sector (02F020) 


Physical Sector (02F1FF) 
Physical Sector (02F200) 


Physical Sector (02FDFF) 
Physical Sector (02FE00) 


Buffer Zone 2 


512 Physical Sectors 


Physical Sector 196 607 Physical Sector (02FFFF) 





Data Zone 








Figure 25 - Lead-in Zone 


18.4 Inner Disc Identification Zone 


256 Physical Sectors reserved for information agreed upon by the data interchange parties. Each set of 16 Physical 
Sectors from one ECC Block is either a Disc Control Block (DCB) (see clause 25) or recorded with all (00) Main 
Data. Each ECC Block in this Zone following one recorded with all (00) Main Data shall also be recorded with all 
(00) Main Data. 


18.5 Reserved Zone 3 
64 Physical Sectors are reserved and shall be set to (00). 


18.6 Reference Code Zone 


The recorded Reference Code Zone shall consist of the 32 Physical Sectors from two ECC Blocks which generate a 
specific Channel bit pattern on the disc. This shall be achieved by setting to (AC) all 2 048 Main Data bytes of each 
corresponding Data Frame. Moreover, no scrambling shall be applied to these Data Frames, except to the first 160 
Main Data bytes of the first Data Frame of each ECC Block. 


18.7 Buffer Zone 1 


This Zone shall consist of 480 Physical Sectors from 30 ECC Blocks. The Main Data of the Data Frames in this 
Zone shall be set to all (00). 
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18.8 Control Data Zone 


This Zone shall consist of 3 072 Physical Sectors from 192 ECC Blocks. The content of the 16 Physical Sectors of 
each ECC Block is repeated 192 times. The structure of a Control Data Block shall be as shown in Figure 26. 


Physical format information 
2 048 bytes 


Disc manufacturing information 
2 048 bytes 


Content provider information 
14 x 2 048 bytes 





Figure 26 - Structure of a Control Data Block 


18.8.1 Physical format information 


This information shall comprise the 2 048 bytes shown in Table 11. It contains disc and format information. 


Table 11 - Physical format information 


Byte number Content Number of bytes 








Disc Category and Version Number 
Disc size 


Disc structure 





Recording density 


4 to 15 Data Zone allocation 


General Flag bits 


Disc Application Code 


Extended Information indicators 


19 to 26 Disc Manufacturer ID 
27 to 29 Media Type ID 
Product revision number 


number of Physical format information bytes in use in ADIP up to byte 63 


12 
Е ој 
Basic write strategy parameters 
Extended Information block 0 
Extended Information block 1 
Extended Information block 2 
Extended Information block 3 
Extended Information block 4 
Extended Information block 5 
Start of Session 
End of Session 
Reserved — All (00) 
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The information in bytes 0 to 255 have the same definitions and shall have the same contents as the Physical 
format information in ADIP defined in Table 3 and 14.4.2, except the following bytes: 


Byte 0 - Disc Category and Version Number 
Bits b7 to b4 same as 14.4.2 
Bits b5 to Бо same as 14.4.2 


Temporarily drives can set bits bz to bg to other values in order to increase the compatibility. 


Byte 1 - Disc size and maximum transfer rate 
Bits b7 to by same as 14.4.2 


Bits b5 to Бо shall specify the maximum read transfer rate. 
These bits may be set to one of the following values (depending on the maximum read-out 
speed needed by the application): 
0000: specify a maximum transfer rate of 2,52 Mbits/s (See note at 30.3) 
0001: specify a maximum transfer rate of 5,04 Mbits/s (See note at 30.3) 
0010: specify a maximum transfer rate of 10,08 Mbits/s 
1111: specify no maximum transfer rate 1s specified. 
АП other combinations are reserved and shall not be used. 


Bytes 4 to 15 - Data Zone allocation 
Bytes 4 to 8 same as 14.4.2 


Bytes9to 11 опа finalized Single Session disc (see 23.3): 
shall specify the Sector Number of the last Physical Sector of the Data Zone. 


on a Multi-session disc (see clause 22): 
shall be set to (26053F) to specify PSN 2 491 711 as the last possible Physical Sector on 
the disc for the storage of User Data (for 80 mm disc see Annex A). 


Bytes 12to 15 same as 14.4.2 
Byte 16 — General Flag bits 


Bit b7 same as 14.4.2 
Bit Бе same as 14.4.2 
Bit bs shall specify 1f Buffer Zone 2 in the Lead-in Zone contains VCPS related information, 


shall be set to0, ^ indicating no VCPS related information is present in Buffer Zone 2, 
shall be setto 1, ^ indicating Buffer Zone 2 contains VCPS related information as defined in 
the VCPS System Description (see clause 3). 


Bits by to bg same as 14.4.2 

Note: When closing the first Session, drives not designed to handle VCPS might set bit bs = 0 even when Buffer 
Zone 2 contains VCPS related information (recorded before by some other drive). 

Bytes 248 to 251 — Start of first Session 

Byte 248 shall be set to (00). 


Bytes 249 to 251 shall be set to (030000) to specify PSN 196 608 of the first Physical Sector of the Data Zone of 
the first Session (see clause 22). 
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Bytes 252 to 255 – End of first Session 
Byte 252 shall be set to (00). 


Bytes 253 to 255 shall specify the Sector Number of the last Physical Sector of the Data Zone of the first 
Session (see clause 22). 


Bytes 256 to 2 047 - Reserved - АП (00) 
These remaining bytes have no relation to the ADIP information and shall be set to all (00). 


18.8.2 Disc manufacturing information 
This System Description does not specify the format and the content of these 2 048 bytes. They shall be ignored 
in interchange. 
18.8.3 Content provider information 
These 28 672 bytes shall be set to all (00). 
Under no circumstance may data received from the host be recorded in this field. 


Circumvention: Recorders and recording drives shall be considered as circumvention devices when these are 
produced to record, or can easily be modified to record, in any manner, a user-defined number in this field. 


18.9 Buffer Zone 2 


This recorded Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. During use of the disc VCPS 
related information may be recorded to these 32 ECC Blocks, according to the specifications given in the VCPS 
System Description (see clause 3). Such VCPS related information shall only be recorded when requested by the 
host/application. If no VCPS related information 15 copied to these locations then the Main Data of the Data Frames 
in this Zone shall be set to all (00). 


Whenever Buffer Zone 2 has been recorded, also the first ECC Block of the Data Zone shall be recorded. 


19 Data Zone 


2 295 104 Physical Sectors for the storage of user data (for 80 mm disc see Annex A). 
The start radius of the Data Zone is determined by the location of Physical ADIP Address (00C000) and the maximum 
end radius is determined by the location of Physical ADIP Address (098150) (see 14.4.1.1, bit 2 to 23 and 13.7.1) 


20  Lead-out Zone 


The Lead-out Zone is located at the outer side of the Information Zone. It shall consist of the parts specified in Figure 
27. The Physical Sector Number of the first and the last Physical Sector of each part is indicated in Figure 27 in 
hexadecimal and decimal notation and the number of Physical Sectors in each part is indicated in decimal notation 
(for 80 mm disc see Annex A). 


Data Zone 





Physical Sector 2 491 712 max Buffer Zone 3 Physical Sector (260540) max 
768 Physical Sectors 
Physical Sector 2 492 479 max with Main Data set to (00) Physical Sector (26083F) max 
Physical Sector 2 492 480 max Physical Sector (260840) max 





Outer Disc Identification Zone 


Physical Sector 2 492 735 max Ab Physical Sectors Physical Sector (26093F) max 
Physical Sector 2 492 736 max Guard Zone 2 Physical Sector (260940) max 
min 4 096 Physical Sectors 
with Main Data set to (00) 
(remaining sectors are allowed to 
Physical Sector 2 496 831 be unrecorded) Physical Sector (26193F) 














Outer Drive Area 


Figure 27 - Lead-out Zone 
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20.1 Buffer Zone 3 


This recorded Zone shall consist of 768 Physical Sectors. The last possible start location of Buffer Zone 3 is 
(260540) (for 80 mm disc see Annex A). The Main Data of the Data Frames in this Zone shall be set to all (00). 


20.2 Outer Disc Identification Zone 


256 Physical Sectors reserved for information agreed upon by the data interchange parties. Each set of 16 Physical 
Sectors from one ECC Block is either a Disc Control Block (DCB) (see clause 25) or recorded with all (00) Main 
Data. The contents of this Zone shall be equivalent to the contents of the last Inner Session Identification Zone (or 
to the contents of the Inner Disc Identification Zone in case of a Single-session disc). 


20.3 Guard Zone 2 


This Guard Zone is used as a protection for separating test writing zones from information zones containing 
user data. This zone shall contain a minimum of 4 096 Physical Sectors filled with Main Data set to (00). 

If the total storage capacity of the disc 1s not fully used, the Guard Zone 2 can be extended with Physical Sectors 
filled with Main Data set to (00) to fill up the gap up to a certain radius or up to the Outer Drive Area, or this gap 
can be left unrecorded. The choice for these options 15 left to the drive manufacturer. 


21 Outer Drive Area 


The Outer Drive Area is the outermost zone of the disc which 15 used by the drive for performing disc tests and OPC 
algorithms. It shall consist of the parts shown in Figure 28. The Physical Sector Number of the first and last Physical 
Sector of each part is indicated in Figure 28 in hexadecimal and decimal notation and the number of Physical Sectors 
in each part are indicated in decimal notation (for 80 mm disc see Annex A). 


Lead-out Zone 





Physical Sector 2 496 832 Physical Sector (261940) 


Outer Disc Administration Zone 


Physical Sector 2 500 927 TOYS ore 


Physical Sector 2 500 928 


Physical Sector (26293F) 
Physical Sector (262940) 





Outer Disc Count Zone 


Physical Sector 2 505 023 TORO DV EROR 


Physical Sector 2 505 024 


Physical Sector (26393F) 
Physical Sector (263940) 





Outer Disc Test Zone 


PhysicalSector252]497| . 1°34 Physica Sectors. pi vical Sector (267936) 
Physical Sector 2 521 408 Guard Zone 3 Physical Sector (267940) 
Blank 











Figure 28 - Outer Drive Area 


21.1 Outer Disc Administration Zone 


4 096 Physical Sectors to be used for optional drive specific information. The first 16 physical sectors of this Zone 
shall be filled with all Main Data set to (00). This zone can be used in the same way as the Inner Disc 
Administration Zone (see 17.5). 


21.2 Outer Disc Count Zone 
4 096 Physical Sectors reserved for counting the number of OPC algorithms performed in the Outer Disc Test Zone 


(see Annex I). 


Whenever an ECC Block or part of it in the Outer Disc Test Zone has been recorded, the ECC Block shall be 
flagged by recording 4 Physical Sectors in the Outer Disc Count Zone. These 4 Physical Sectors shall be formatted 
according to the rules specified in 13.1 and the underlying subclauses, 13.2, 13.4, 13.5 and 13.6, whereby the Main 
Data bytes and the PI and PO bytes (see 13.3) can be chosen freely. 


- 67 - 


The relation between the first Physical Sector number PSNopr of the used ECC Block in the Outer Disc Test Zone 
and the Physical Sector numbers Р5Морс to PSNopc +3 of the 4 Physical Sectors in the Outer Disc Count Zone 
15 determined by the following mathematical expression (for 80 mm disc see Annex A): 


PSNopc = (Р5Морт) - (203940)1/(04) + (262940) 


21.3 Outer Disc Test Zone 
16 384 Physical Sectors reserved for drive testing and OPC algorithms (see Annex I). The order in which these 
Physical Sectors shall be used is from the outer side of the disc towards the inner side of the disc, so from the 
highest address towards the lowest address. 

21.4 Guard Zone 3 
This Zone shall remain blank. 
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22 Miulti-session Layout 


To enable data retrieval by DVD - Read-Only devices, the disc should have a Lead-in Zone, no blank areas in the 
Data Zone, and some form of Lead-out Zone. However one also wants to have the ability to append additional data to 
a partially recorded disc. For this purpose the following Multi-session concept 15 specified. 


On a Multi-session disc there can exist more than one session. A session with an Intro and a Closure is called a Closed 
Session. The first Session shall be preceded by a Lead-in Zone instead of an Intro Zone, the final Session shall be 
followed by a Lead-out Zone instead of a Closure Zone. Once a Lead-out Zone has been recorded, the disc is called 
“finalized” and no additional recordings to the disc shall be allowed. 


The general layout of a Multi-session disc 1s shown in Table 12. 


Table 12 - Layout of the Information Zone of a Multi-session disc 


Session Description Number of 
Physical Sectors 








ГЕ PE, Zone 2 
Inner Disc | Inner Disc Identification Zone — | Zone 
x igo MS 
Session 1 Control Data Zone 3 072 


те ems Zone 2 512 
ани Zone С 

Closure See 22.3 
Outer Session Identification Zone 


Buffer Zone A 
Inner Session Identification Zone 
Intro See 22.1 


Session 2 


Outer Session | Outer Session Identification Zone | Zone 
| |_| Outer Session Identification Zone | | 25 | 
е 
e 


(N € 191) ee Zone 3 
Lead-out nmm Disc | Outer Disc Identification Zone _ | Zone See clause 20 


Outer Drive Area 
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А session with a partially recorded Lead-in ог Intro Zone and по Lead-out or Closure Zone is called an Open Session. 
АП sessions must be Closed Sessions, except for the last one, which is allowed to be an Open Session. User Data can 
only be appended to an Open Session. If all session are closed, a new Open Session has to be created first (see 23.1). 


The first Closed Session on the disc shall have a Lead-in that complies with clause 18. Subsequent Closed Sessions 
shall have a Intro as defined in 22.1. Every Closed Session shall have a Closure as defined in 22.3, except for the 
Final Session, which shall have a Lead-out as defined in clause 20. 


22.1 Intro 
Each new Session that occurs after the first Session, shall start with an Intro Zone consisting of a Buffer Zone A, an 
Inner Session Identification Zone, a Session Control Data Zone and a Buffer Zone B. 


All Physical Sectors in the Intro Zone shall have bits b57 to 66 of the Data Frame set to ZERO ZERO, identifying 
the Intro Zone as if it was a Data Zone (see 13.1.1). 


22.1.1 Buffer Zone А 
64 Physical Sectors are reserved and shall be set to (00). 


22.1.2 Inner Session Identification Zone 


256 Physical Sectors reserved to store information about the Sessions. Each set of 16 Physical Sectors from one 
ECC Block is either a Disc Control Block (DCB) (see clause 25) or recorded with all (00) Main Data. Each ECC 
Block in this Zone following one recorded with all (00) Main Data shall also be recorded with all (00) Main 
Data. 


22.1.3 Session Control Data Zone 


This Zone shall consist of 640 Physical Sectors from 40 ECC Blocks. The content of the 16 Physical Sectors of 
each ECC Block is repeated 40 times. The structure of a Control Data Block shall be as shown in Figure 26. 


22.1.4 Buffer Zone B 
64 Physical Sectors are reserved and shall be set to (00). 


22.2 Data Zone 


Each Data Zone shall consist of a multiple of 16 Physical Sectors, with a minimum of 16. The first Data Zone shall 
start at PSN (030000). If needed (e.g. for filling up the last ECC Block or for facilitating compatibility with certain 
DVD - Read-Only drives that require the disc to be recorded up till a certain radius) a Data Zone can be padded 
with Data Frames containing all (00) Main Data. 


22.3 Closure 
Each Session shall end with a Closure Zone consisting of two parts; a Buffer Zone C and an Outer Session 
Identification Zone. 


АП Physical Sectors in the Closure Zone shall have bits 627 to bog of the Data Frame set to ZERO ZERO, 
identifying the Closure Zone as if it was a Data Zone (see 13.1.1). 


22.3. Buffer Zone С 
768 Physical Sectors are reserved and shall be set to (00). 


22.3.2 Outer Session Identification Zone 


Each set of 16 Physical Sectors from one ECC Block is either a Disc Control Block (DCB) (see clause 25) or 
recorded with all (00) Main Data. The contents of this Zone shall be equivalent to the contents of the Inner 
Identification Zone of the same Session. 


23 
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Sequential recording in Fragments 


DVD+R discs according to this document in principle have to be recorded sequentially. To facilitate the recording of 
specific data at some pre-determined location on the disc at a later moment in time (such as for instance File System 
information), a Session can be divided into a number of Fragments. Inside such a Fragment the User Data shall be 
recorded sequentially from the inner side of the disc towards the outer side of the disc 


23.1 Opening a Session 


23.1.1 


23.1.2 


New data can be added to the disc by appending to an Open Session. If there is no Open Session, a new Session has 
to be opened (see Table 13). 


A new Session is opened by recording Buffer Zone A plus an SDCB (Session Disc Control Block: see 25.2) in the 
first ECC Block of the Inner Session Identification Zone (or by recording Reserved Zone 2 plus an SDCB in the 
first ECC Block of the Inner Disc Identification Zone in case of the first Session on a blank disc). 


Once the first ECC Block of the Data Zone is recorded, also Buffer Zone B of the Intro (or Buffer Zone 2 of the 
Lead-in Zone in case of the first Session) shall be recorded. 


Table 13 - Details of opened Session n (example) 


Data Zone User Data 


4 Buffer Zone C 
Session n-1 
Closure Outer Session 
Identification Zone 


Buffer Zone A 4 ECC Blocks with (00) 


Inner Session ] ECC Block with an SDCB 


Session blank 
Control Data Zone 
А Buffer Zone В 4 ECC Blocks with (00) 
Session n 


Data Zone 


Incomplete Fragment 
with User Data 


blank 





Incomplete Fragment 


When no Reserved Fragments (see 23.1.2) are created, all the remaining area of the Data Zone following Buffer 
Zone B is called the Incomplete Fragment. In the presence of Reserved Fragments, all the remaining area of the 
Data Zone following the last Reserved Fragment is called the Incomplete Fragment. 


Until the Incomplete Fragment is closed (see 23.1.4), there shall be no Fragment item (see 25.2.1) for the 
Incomplete Fragment in any SDCB. 


Reserved Fragments 


To allow for later on adding data, preceding already recorded User Data (such as for instance File System 
information), it is possible to create so-called Reserved Fragments. All Reserved Fragments in the Open Session 
shall be contiguous and non-overlapping, while the first Fragment shall start immediately after the end of Buffer 
Zone B. 


Between any 2 Fragments there shall be 1 ECC Block for Run-in purposes. This ECC Block does not belong to 
any of the Fragments, and shall be recorded after the end of Reserved Fragment 1 at the same time the first ECC 
Block of Fragment (i+1) is recorded. (see Figure 29) 


„зе 


23.1.2.1 Adding a Reserved Fragment 


If a new Reserved Fragment is defined, this Fragment shall start from the beginning of the Incomplete 
Fragment and at least include all data that have already been written to the Incomplete Fragment. The newly 
defined Reserved Fragment shall be Fragment n+1, where n is the number of the previously last (Reserved) 
Fragment. A new SDCB shall be recorded in the Identification Zone of the Session including a new Fragment 
item indicating the start and end addresses of the added Reserved Fragment (see 25.2.1). 


Reserved Fragments can only be added as long as the number of free locations for SDCBs in the Inner 
Identification Zone of the current Session is larger than one. The last free location for an SDCB has to be 
preserved for closing the Session. 


The area following the newly defined Reserved Fragment is designated to be the new Incomplete Fragment 
(п+2). 


Session К-1 Session К open session К with 


1 Reserved Fragment 





Fragm.n-1 Closure | Intro Res.Fragm. n Inc.Fragm. (n+1) 
ч —— 




















Run-in 


. open session K with 
Session K-1 Session K Reserved Fragment 
< 


> РЕП * 
added after writing in 
Fragm.n-1 Closure | Intro — Res.Fragm.n Res.Fragm.n+1 Іпс.Ргадт. (n+2) Incomplete Fragment (141) 


< 












































Run-in Run-in closing Session K 
Session K-1 Session K Session K+1 
> 
Fragm.n-1 Closure} Intro Fragm. n Fragm. n+1 Fragm.n+2  Closure| Intro 
— EM 
EN | 
Run-in Run-in 


Figure 29 - Creating Reserved Fragments 


23.1.3 Recording User Data in Fragments 
User Data added to the Data Zone shall be linked immediately to previously written User Data in the Incomplete 
Fragment or to previously written data in one of the Reserved Fragments. 

23.1.4 Closing a Fragment 


When a Reserved Fragment is closed, all blank areas in the Fragment shall be recorded with dummy data. 


When the Incomplete Fragment is closed, a new SDCB shall be recorded in the Identification Zone of the 
Session including a new Fragment item indicating the start and end addresses of the (formerly) Incomplete 
Fragment (see 25.2). This formerly Incomplete Fragment shall not have unrecorded areas. 


The area after the formerly Incomplete Fragment can be designated as the new Incomplete Fragment 15 case 
more User Data has to be added. For consistency reasons a Run-in Block shall be taken into account between the 
new Incomplete Fragment and the formerly Incomplete Fragment. 


TD 


23.2 Closing a Session 


23.2.1 


23.2.2 


To enable data retrieval from a Session by DVD — Read-Only devices, this Session and all preceding ones should 
be closed. A Session is closed by recording all blank areas in all Fragments with dummy data and recording all 
remaining parts in the Lead-in or Intro Zone and adding the Closure Zone. 

When a Session is closed, the Incomplete Fragment is closed and shall be designated as Fragment m+1, where m is 
the number of the last (Reserved) Fragment preceding the Incomplete Fragment. (see Figure 29) 

The numbering of the Fragments shall be continuous over all Sessions. (see Figure 29) 


When the Session to be closed is the 191° Session, then the disc shall be finalized, instead of closing the Session 


(see 23.3). 
Also when the remaining free space on the disc after closing the Session will become less than 128 ECC Blocks 
(2048 Physical Sectors), the disc shall be finalized, instead of closing the Session (see 23.3). 


Lead-in/Intro Zone 


The SDCB shall be updated, including the Incomplete Fragment as the last Fragment (n*2 in the example of 
Figure 29). In case multiple SDCBs have been recorded, the last written SDCB 15 the valid one. 


In the Lead-in Zone the Control Data Zone shall be according to 18.8. 


In each Intro the Session Control Data Zone shall be recorded with 40 ECC Blocks according to the format 
specified in 18.8 with the following settings: 


Physical Format Information: 
Bytes 0 to 247 - same as in 18.8.1 
These bytes contain a copy of the Physical format information. 
Bytes 248 to 251 - Start of current Session 
Byte 248 shall be set to (00). 


Bytes 249 to 251 shall specify the Sector Number of the first Physical Sector of the Data Zone of the current 
Session (see clause 22). 


Bytes 252 to 255 - End of current Session 
Byte 252 shall be set to (00). 


Bytes 253 to 255 shall specify the Sector Number of the last Physical Sector of the Data Zone of the current 
Session (see clause 22). 


Bytes 256 to 2 047 - Reserved - АП (00) 

These remaining bytes have no relation to the ADIP information and shall be set to all (00). 
Disc manufacturing information: see 18.8.2 
Content provider information: see 18.8.3 


Closure Zone 


At closing a Session, Buffer Zone C shall be recorded together with the Outer Session Identification Zone. 


23.3 Finalizing the disc 


When the disc 1s being finalized, a Lead-out Zone according to clause 20 shall be recorded instead of a Closure 
Zone. After finalizing the disc, adding data is no longer possible. The Session Status in the TOC Item describing 
the last Session shall be set accordingly (see 17.6.1.1: TOC Item, byte B5). 


24 Assignment of Logical Sector Numbers (LSNs) 


Logical Sector Numbers (LSN) shall be assigned contiguously increasing by one from LSN 0, starting from the 
first PSN of the first Data Zone to the end of the last Data Zone. The relation between LSN and PSN shall be: 
LSN = PSN - (030000). 
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25 Disc Control Blocks 


Disc Control ECC Blocks are provided as a structure on the disc to include additional information for interchange 
between the data interchange parties. DCBs are recorded in the Inner and Outer Identification Zones of the disc and 
the Sessions. All DCBs shall have the same format for the first 40 data bytes. A special DCB is defined to reflect the 
status of the Session(s). 


25.1 General format of Disc Control Blocks 
The Main Data of each Disc Control Block shall be according to Table 14. 


If a Disc Control Block has to be updated, a substitute DCB shall be written immediately following the last written 
DCB in the Inner Disc/Session Identification Zone. If more than one DCB with the same Content Descriptor are 
present, then the one with the highest address is the only valid one of that type. Once a Session has been closed, the 
DCBs of that Session can no longer be updated. 


Table 14 — General format of each Disc Control Block 
Physical Sector of Main Data BP Description 
each DCB 


Dc s Dg to D3 Content Descriptor 
НЕ o D4 to 07 Unknown Content Descriptor Actions 


[9 рење [Wwib 





Bytes Do to Юз - Content Descriptor 
if set to (00000000) 


the DCB is unused. 

The Content Descriptor of all subsequent DCBs in this Inner or Outer Identification Zone 

shall be set to (00000000). 

All remaining bytes, D4 to Р» уду of Physical Sector 0 and Dg to О» 947 of Physical Sector 1 to 15 in Table 
14 shall be set to (00). 


if set to (53444300) 
this DCB shall be as defined in 25.2 


АП other values for the Content Descriptor are reserved. 


Each new DCB added to the Inner or the Outer Identification Zone shall be written at the first available 
unwritten DCB location. 


Each prevailing DCB with а Content Descriptor not set to (00000000) in the Inner Identification Zone of a 
Session shall have an identical DCB in the Outer Identification Zone of the respective Session (DCBs that have 
been substituted need not to be present in the Outer Identification Zone). 


S34 


Bytes D4 to D; - Unknown Content Descriptor Actions 


These bits are provided to specify required actions when the content and use of the DCB are unknown to the 
drive (i.e. the content descriptor 15 not set to a known assigned value). These bytes form a field consisting of 32 
individual bits. 


Bits бај tob, Reserved 
These bits shall be set to all ZERO. 


Bit b4 DCB rewrite 
if set to ONE, substituting the current DCB shall not be allowed, 
else it shall be set to ZERO. 


Bit b Formatting 
shall be set to ONE, indicating that reformatting of the disc 15 not possible. 
Bit by DCB read protect 


If set to ONE, the information in this DCB is meant for use by the drive only and shall not be 
transferred outside the drive, 
else it shall be set ZERO. 


Bit bo Data Zone write 
if set to ONE, recording shall not be allowed in the Data Zone, 
else it shall be set to ZERO. 


Bytes Dg to Озо Drive ID 


Bytes Dg to D3g shall contain a unique descriptor, identifying the drive that has written the DCB. The format of 
this unique drive identifier shall be as follows: 


- Bytes Dg to 0,3 shall identify the manufacturer of the drive. This name shall be represented by characters 
from the GO set - SPACE according to ECMA-43. Trailing bytes not used shall be set to (00). 


- Bytes род to D35 shall identify the model name/type number of the drive. This model name/type number 
shall be represented by characters from the GO set + SPACE according to ECMA-43. Trailing bytes not used 
shall be set to (00). 


- Bytes D36 to Озу shall contain a unique serial number of the drive. The 4 bytes shall form опе 32-bit binary 
number. 


Bytes D49 to Dy уду Content Descriptor Specific 

Bytes specified by the format description for the DCB with the actual Content Descriptor value. 
Physical Sectors 1 to 15: Bytes Dg to Dz уду Content Descriptor Specific 

Bytes specified by the format description for the DCB with the actual Content Descriptor value. 


25.2 Format of the Session DCB (SDCB) 


The Lead-in or Intro Zone of an Open Session shall contain an SDCB describing the structure of the Open Session 
and the location of all previous Sessions. When the Session is closed, the SDCB in the Inner Identification Zone 
shall be updated and a copy shall be written to the Outer Identification Zone. The SDCB’s shall have the content as 
defined in Table 15. 
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Table 15 - Format of the SDCB 





















































Physical Sector Main Data Description number 
of ECC block byte position of bytes 
0 Do to D3 Content Descriptor 4 
0 D, to D7 Unknown Content Descriptor 4 
Actions 
0 Dg to D39 Drive ID 32 
0 D49 to D41 Session number 2 
0 D45 to D63 Reserved and set to (00) 22 
0 Dg4 to 95 Disc ID (in Lead-in Zone only) 32 
0 Dog to 0127 Application Dependent 32 
0 Dj5g to D143 Session Item 0 16 
0 
0 Dy 284ix16 t0 D143+ix16 Session Item i 16 
0 
0 Dj 28+(N-1)x16 fO Session Item N-1 16 
D1434+(N-1)x16 
0 Dy 284Nx16 t0 2 047 Reserved and set to (00) 1 920 - Nx16 
1 to3 Do to D5 047 Extension for Session Items 3x2 048 
or 
Reserved and set to (00) 
4to7 Do to Р» 047 Repetition of Sectors 0 to 3 4x2 048 
(recommended) or 
Reserved and set to (00) 
8 to 11 Do to Р» 047 Repetition of Sectors 0 to 3 4x2 048 
(recommended) or 
Reserved and set to (00) 
12 to 15 Do to D3 047 Repetition of Sectors 0 to 3 4x2 048 
(recommended) or 
Reserved and set to (00) 

















Physical Sector 0 / bytes Dg to D3 - Content Descriptor 


these bytes identify the Session DCB and shall be set to (53444300), representing the characters “SDC” and the 
version number 0. 


Physical Sector 0 / bytes рд to D; – Unknown Content Descriptor Actions 


shall be set to (0000000D) indicating that if this DCB is not known to the system, the DCB shall not be substituted, 
the disc can not be reformatted, writing to the Data Zone shall not be allowed, while transferring the DCB 
information from the drive to the host computer 15 allowed. 


Physical Sector 0 / bytes Dg to "зо - Drive ID 
these bytes shall contain the drive ID as specified in 25.1, bytes Dg to Озу. 
Physical Sector 0 / bytes Одо to D4; - Session number 


these bytes shall specify the sequence number of the Session to which the SDCB belongs. The first Session shall 
have sequence number 1 and each subsequent Session number shall be incremented by one. 


25.2.1 
25.2.1.1 
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Physical Sector 0 / bytes D45 to "сз – Reserved 
these bytes are reserved and shall be set to (00) 
Physical Sector 0 / bytes Ред to Dos – Disc ID 


In the SDCB in the Inner Disc Identification Zone in the Lead-in Zone of the disc, these 32 bytes shall be recorded 
with a random, statistically unique, 256-bit binary number at initialization of the disc (opening of the first Session). 
In the SDCB in the Inner Session Identification Zone in the Intro of each next Session, bytes Ред to Dos shall be 
set to all (00). 


Physical Sector 0 / bytes Dog to 0 127 — Application dependent 


this field shall consist of 32 bytes and is reserved for use by the application to store information such as specific 
copy protection data. If this setting is not specified by the application, the bytes shall be set to (00). 
In each Session these bytes may be set independently. 


Physical Sector 0 / bytes Dj to 5 оду — Session Items 


these bytes are grouped in units of 16 bytes each. Each unit of 16 bytes may contain one of two different types of 
Session Items: 

- type 1: specifies the Fragments in the current Session, 

- type 2: specifies the start and end addresses of all previous Sessions. 


АП Session Items shall be ordered in the SDCB according to their type number (first type 1, then type 2). 
All bytes not containing Session Items shall be set to (00). 


Physical Sectors 1 to 3 / bytes Dg to D5 947 — Extension for Session Items or Reserved 


these bytes may hold additional Session Items. 
АП bytes not containing Session Items shall be set to (00). 


Physical Sectors 4 to 15 / bytes Dg to Dz (ду – Repetitions of Sectors 0 to 3 or all Reserved 


For robustness reasons it is recommended to repeat the content of Sectors 0 to 3 in Sectors 4 to 7, in Sectors 8 to 11 
and in Sectors 12 to 15. If this option is not used, these bytes shall be set to (00). 
It is a matter of drive implementation to recognize and make use of the repetitions. 


Session Items 
type 1: Fragment item 




















Item byte Description number 
position of bytes 
Во to Во Fragment item descriptor 3 
B5 to B4 Fragment number 2 
Bs to B7 Fragment start address 3 
Bg to Bio Fragment end address 3 
Ви to Ву Reserved and set to (00) 5 

















An SDCB shall contain a Fragment item for each Reserved Fragment in the Session. If there are no Reserved 
Fragments, there shall be no Fragment items. 

If a new Reserved Fragment has to be added to an Open Session, a new SDCB, including the Fragment items 
needed to reflect the new situation, is written in the Inner Identification Zone of the current Session, immediately 
following the last SDCB. Reserved Fragments in a Session shall not be overlapping. 

When closing a Session, a new SDCB, including a Fragment item for the Incomplete Fragment, is written in the 
Inner Identification Zone of the current Session, immediately following the last SDCB. 


The Fragment items shall be ordered with increasing numbers and addresses. The last written SDCB in the Inner 
Identification Zone is the valid SDCB. 


25.2.1.2 
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Fragment item bytes Во to В, — Fragment Кет descriptor 
these 3 bytes identify the item type and shall be set to (465247), representing the characters “FRG”. 
Fragment item bytes Вз to B4 — Fragment number 


these 2 bytes shall specify the sequence number of the Fragment. The numbers of the Fragments shall be 
contiguous over all Sessions and increment by one for each subsequent Fragment. The first Fragment in the first 
Session shall have sequence number 1 and the first Fragment in each next Session shall have a sequence number 
that is one higher than the number of the last Fragment in the preceding Session. 


Fragment item bytes B5 to Bz — Fragment start address 

these 3 bytes shall specify the PSN of the first Physical Sector belonging to the Fragment specified in this item. 
Fragment item bytes Bg to В уо – Fragment end address 

these 3 bytes shall specify the PSN of the last Physical Sector belonging to the Fragment specified in this item. 
Fragment item bytes Ву to B45 – Reserved 

these 5 bytes are reserved and shall be set to (00). 


type 2: Previous Session item 



































Item byte Description number 
position of bytes 
Bo to В, Previous Session item descriptor 3 
B4 Reserved and set to (00) 1 
B4 Previous Session number 1 
Bs to B7 Previous Session start address 3 
Bg to Ву) Previous Session end address 3 
Ви to Bys Reserved and set to (00) 5 





An SDCB shall contain a Previous Session item for each Session preceding the current Session. The SDCB of 
the first Session shall not contain a Previous Session item. The Previous Session items shall be ordered with 
increasing addresses. 


Previous Session item bytes Bg to B) - Previous Session item descriptor 

these 3 bytes identify the item type and shall be set to (505253), representing the characters “PRS”. 
Previous Session item byte B4 — Reserved 

this byte 15 reserved and shall be set to (00). 

Previous Session item byte B4 — Previous Session number 

this byte shall specify the sequence number of the Previous Session specified in this item. 
Previous Session item bytes В to Bz — Previous Session start address 


these 3 bytes shall specify the PSN of the first Physical Sector in the Data Zone of the Previous Session 
specified in this item. 


Previous Session item bytes Bg to В о — Previous Session end address 


these 3 bytes shall specify the PSN of the last Physical Sector in the Data Zone of the Previous Session specified 
in this item. 


Previous Session item bytes Ву to B45 – Reserved 


these 5 bytes are reserved and shall be set to (00). 
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Section 5 – Characteristics of the groove 


26 General 


АП recordings shall occur only in grooved areas. The groove септе пе is deviated from the average track centreline 
with a phase modulated sine-wave. Physical addressing information can be decoded from this phase modulated 
wobble. 


The format of the groove information on the disc is defined in 14.4. Clause 28 specifies the requirements for the 
signals from grooves, as obtained when using the Reference Drive as defined in clause 9. 


27 Method of testing 
27.1 Environment 
АП signals in clause 28 shall be within their specified ranges with the disc in the test environment conditions 
defined in 8.1.1. 
27.2 Reference Drive 
АП signals specified in clause 28 shall be measured in the indicated channels of the Reference Drive as defined in 
clause 9. The drive shall have the following characteristics for the purpose of these tests. 
27.2.1 Optics and mechanics 
The focused optical beam shall have the properties defined in 9.2 a) to i). The disc shall rotate as specified in 
9.5. 
27.2.2 Read power 
The optical power incident on the read-out surface of the disc (used for reading the information) shall be 
0,7 mW + 0,1 mW. 
27.2.3 Read channels 


The drive shall have two read channels. Read Channel 1 gives a signal (1) + 15) related to the total amount of 
light in the exit pupil of the objective lens. Read Channel 2 gives a signal (J, - 15) related to the difference in the 
amount of light in the two halves of the exit pupil of the objective lens. These channels can be implemented as 
given in clause 9. 


15 


For measurement of the push-pull and track cross signals, the read channel signals shall be filtered by а 1" order 


LPF with a f,(-3 dB) of 30 kHz. 


For measurement of the wobble signal, the read channel signals shall be filtered by a 1* order Band Pass Filter 
with frequency range (-3 dB): 25 kHz, slope +20 dB/decade to 4,0 MHz, slope –20 dB/decade. 


27.2.4 Tracking 


During the measurement of the signals, the axial tracking error between the focus of the optical beam and the 
recording layer shall not exceed 0,20 шт 


and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed 
0,022 um 
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27.3 Definition of signals 


АП signals are linearly related to currents through a photo detector, and are therefore linearly related to the optical 
power falling on the detector. 





и itl 2)min 












0 level 





radial position 


on land on groove 


Figure 30 - Signals from grooves in the Read Channels when crossing the tracks 


Push-pull signal 


The push-pull signal is the filtered sinusoidal difference signal (Ту - 15) in Read Channel 2, when the focus of the 
optical beam crosses the tracks. The signal can be used by the drive for radial tracking. 


Track cross signal 


The track cross signal is the filtered sinusoidal sum signal (J; + Jy) in Read Channel 1, when the focus of the 
optical beam crosses the tracks. 
Wobble signal 


The wobble signal Ду is the filtered sinusoidal difference signal (J; - J») in Read Channel 2, while the drive meets 
the minimum tracking requirement. 
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28 Characteristics of the groove signals 
28.1 Phase depth 
The phase depth of the groove shall not exceed 90°. 


28.2 Push-pull signal 
The peak-to-peak value of the push-pull signal PP shall meet the following requirements: 


(A - b), 


(а t5) th Б) min И nd 


a) before recording: 0,30< 


| T | . PP aax — РР 
The maximum variation of the push-pull signal before recording shall be: Dux mm. с 0,15 
РРуах + PPmin 


L-I 
(4-Б) < 0,80 
С + Г) кых +(1 i D) min И 


c) Ratio of push-pull signal of unrecorded groove to push-pull signal of recorded groove shall be in the range of 





b) after recording: 0,40 € 


0,60 < "ене < | бу) 
after 
28.3 Track Cross signal 
The Track Cross signal for the unrecorded disc shall meet the following requirement: 


The (J; + Го) Value shall be generated at the groove centre. 


28.4 Normalized wobble signal 


The deviation from the track centreline shall be measured by the normalized wobble signal. The amount of 
distance that the centre of the wobble groove deviates from the average track centreline can be calculated according 
to Annex M. 


The wobble signal shall be measured in an empty track during the monotone wobble part, at locations where the 
amplitude is not enhanced due to the positive interference of the wobble from adjacent tracks. 


The normalized wobble signal shall be 


I Е 
0,15 < РШ" 2005 
(i-h 
pp 


At locations where the amplitude of the wobble signal is enhanced due to the positive interference of the wobble 
from adjacent tracks, the maximum wobble signal shall be 


I 5 
W,pp-max «2,6 
ZW, pp-min 


28.5 Characteristics of the wobble 


The average Narrow band SNR of the wobble signal before recording shall be greater than 45 dB. The 
measurement shall be made using a resolution bandwidth of 1 kHz. 


The average Narrow band SNR of the wobble signal after recording shall be greater than 38 dB. The measurement 
shall be made using a resolution bandwidth of 1 kHz. 
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Section 6 - Characteristics of the recording layer 


29 Method of testing 


The format of the information on the disc is defined in clause 13. Clause 30 specifies the requirements for the signals 
from recorded marks, as obtained when using the Reference Drive as defined in clause 9. 


This clause 30 specifies the average quality of the recorded information. Local deviations from the specified values, 
called defects, can cause tracking errors or errors in the Data fields. These errors are covered by Clause 32 and 
Section 7. 


29.1 Environment 


АП signals in 30.2.2 to 30.2.6 shall be within their specified ranges with the disc in the test environment conditions 
defined in 8.1.1. 


29.2 Reference Drive 


29.2.1 


29.2.2 


29.2.3 


29.2.4 


29.2.5 


АП signals specified in 30.2.2 to 30.2.6 shall be measured in the indicated channels of the Reference Drive as 
defined in clause 9. The drive shall have the following characteristics for the purpose of these tests. 
Optics and mechanics 
The focused optical beam shall have the properties defined in 9.2 a) to i). The disc shall rotate as specified in 
9.5. 
Read power 
The optical power incident on the read-out surface of the disc ( used for reading the information ) shall be 
0,7 mW = 0,1 mW. 
Read channels 


The drive shall have two read channels. Read Channel 1 gives a signal (1) + 15) related to the total amount of 
light in the exit pupil of the objective lens. Read Channel 2 gives a signal (Гу - 15) related to the difference in the 
amount of light in the two halves of the exit pupil of the objective lens. These channels can be implemented as 
given in clause 9. 


For measurement of the push-pull and track cross signals, the read channel signals shall be filtered by a 15t order 
LPF with a f,(-3 dB) of 30 kHz. 


The signal from Read channel 1 15 not equalized except when measuring jitter. The threshold level for binarizing 
the read signal shall be controlled to minimize the effects of mark and space size changes due to parameter 
variations during writing. Jitter measurements shall be made using the Read Channel 1 with the characteristics in 
Annex E. 


Tracking 
During recording and during the measurement of the signals, the axial tracking error between the focus of the 
optical beam and the recording layer shall not exceed 0,20 um 


and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed 
0,022 um when running at the Reference velocity and shall not exceed 0,045 шт when running at a higher 
velocity. 


Note: At high recording or playback velocities, advanced servo systems might be needed to achieve tracking 
errors below these maximum values. 


Scanning velocity 


АП write tests are performed at the velocities of the disc defined in 14.4.2. The disc shall be tested at all Primary 
and Upper speeds with the related write strategy. 


АП read tests are performed at the Reference velocity. 
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29.3 Write conditions 


29.3.1 


29.3.2 


29.3.3 


Marks and spaces are written on the disc by pulsing a laser. 


Write pulse waveform 


The laser power is modulated according to one of the write pulse waveforms given in Annex G. 


A 3T to 14T mark is written by applying a multiple-pulse train of short write pulses or by applying a single write 
pulse. 


The recording power has two basic levels: the Write power (Pw) and the Bias power (Pb), which are the optical 
powers incident at the entrance surface of the disc and used for writing marks and spaces. 

In case of the single write pulse, a power enhancement dPw can be applied depending on the type and the length 
of the pulses; furthermore for optimum cooling of the recording layer after writing a mark, the power shall be 
switched to the lowest possible level (Pc) for some time immediately following the write pulse (see Annex G.2 
and G.3). 

The value of the Pw power level shall be optimized according to Annex I. 


The actual Pw power level shall be within 5 % of its optimum value. 


Write power 


The optimized recording powers, Pwo and Pbo shall meet the following conditions. 


Ppeak = Pwo in case no power enhancement is applied and 
Ppeak = Pwo + dPwo(max applied for any mark) in case power enhancement is applied. 


for the basic write strategy defined in 14.4.2.2 (see also 12.3): 
Ppeak < 15,0 mW for 650 nm <A € Мр 
Ppeak < 19,0 mW for Ауур <A € 665 nm 

for the “4х+” write strategy defined in 14.4.2.3.1 (see also 12.3): 
Ppeak < 19,0 mW for 650 nm € А € Мр 
Ppeak < 22,0 mW for Мр <А € 665 nm 


for the “6x+” write strategy defined in 14.4.2.3.2 for recording speeds up to and including 8x 
(see also 12.3): 


Ppeak < 30,0 mW for 650 nm <A € Мр 
Ppeak € 35,0 mW for Ауур <A € 665 nm 


for the *6x--" write strategy defined in 14.4.2.3.3 for recording speeds up to and including 16x 
(see also 12.3): 


Ppeak < 45,0 mW for 650 nm <A € Мр 
Ppeak < 53,0 mW for Ауру < À € 665 nm 
Pwo > 6 mW at à = Amp 


Pbo = 0,7 + 0,1 mW 
Pco < 0,1 mW 


Write power dependency on wavelength 


The change of the optimum write power Pwo induced by a change of the laser wavelength (see Annex K) shall 
meet the following condition 


0 € (dPwo/di)/(Pyyp/Aqnp) € 25 (dPwo/dX averaged over the wavelength range from 645 nm to 670 nm) 


29.3.4 
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Write power window 


To allow for some variations in the write power of practical drive implementations, the normalized write power 
windows (NWPW) shall have a minimum width. The normalized write power windows shall be determined in 
the following way: 


the jitter is measured as a function of the write power Pw at the inner diameter of the Data Zone and at the 
outer diameter of the Data Zone; in general those two curves will not coincide (see Figure 31), 


the single write power window is defined as the power range (Pupper,n - Plower,n) where the jitter curve 
concerned is below 9% (see Figure 31), 
the requirement for each normalized single write power window is: 


P uppern P lower,n 


(Pupper,n + Prower,n) / 2 


the net write power window 15 defined as the power range where both jitter curves are below 9% (see 
example in Figure 31, where the net power window = Pupper,1 - Plower,2); 
the requirement for the normalized net write power window is: 
P, 


upper,m — Piower,n 


(Pupper,m * Piower,n) / 2 





NWPWs = > 0,12 


NWPWN = 





20,10, 


in which Pypper,m is the highest power at which both jitter curves are below 9 % and Pjower,n is the 
lowest power at which both jitter curves are below 9 % 


the above requirements shall be fulfilled at all defined recording velocities 
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Figure 31 - Example of the write power windows 


Note: Above procedures are based on typical discs which show a monotonic shift of the power window as 
function of the radius. If this is not the case, power windows shall be measured at several radii and the net 
power window shall be defined as the power range where all jitter curves are below 9%. 


29.4 Measurement conditions 


The test for jitter shall be carried out on any group of five adjacent tracks, designated (m-2), (m-1), m, (m+1), 
(m+2), in the Information Zone of the disc. The jitter shall be measured on recordings made at all velocities 
specified in 14.4.2.2, byte 32 and 33 and in the Extended Information blocks defined under 14.4.2.3. 


For measurement of jitter the system described in Annex E shall be used. 
The Jitter shall be measured according to the following procedure: 

Write random data on all five tracks as specified in 29.3.1 

Read the data of track m under the conditions specified in 29.2. 
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30 Characteristics of the recorded signals 

The following signals shall be measured, after recording with the write conditions as specified in 29.3.1. 
30.1 Channel bit length 

The average Channel bit length over each RUN shall be 


133,3 nm + 1,4 nm 


30.2 Definition of signals 


АП signals are linearly related to currents through a photo-diode detector, and are therefore linearly related to the 
optical power falling on the detector. 


30.2.1 High frequency signals (HF) 


The HF signal is obtained by summing the currents of the four elements of the photo detector as generated in 
Read Channel 1. These currents are modulated by the effects of the marks and spaces representing the 
information on the recording layer. 
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Figure 32 - Signals from spaces and marks in Read channel 1 


30.2.2 Modulated amplitude 


The modulated amplitude /,4 is the peak-to-peak value of the HF signal generated by the largest mark and space 
lengths (see Figure 32). The peak value / ан shall be the peak value of the HF signal before a.c. coupling. The 
modulated amplitude 75 is the peak-to-peak value generated by the shortest mark and space lengths. The 0 Level 
Is the signal level obtained from the measuring device when no disc is inserted. These parameters shall meet the 
following requirements under all conditions, also such as when recordings have been made at different speeds. 


u > 0,60 
Ган 

Bf > 0,15 
p Е 


Within one disc, (Пантак — ШИ < 0,25 
14Нтах 


Within one revolution, (пантах — Панто у <0,15 
14Hmax 
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30.2.3 Signal asymmetry 


The signal asymmetry shall meet the following requirement: 


Ган + Пат, Дин + зі, 


0,05 < 2 2 <+0,15 
ЦЕ 








30.2.4 Normalized Slicing Level jump 
Between any 2 consecutive ECC Blocks, the Normalized Slicing Level (NSL) jump shall be: 


(52 * TRIE (tai + Ii) 


< 0,50 
sn = у 2)+ sni = Вл) 





where Вн апа Ту, are the J; levels just before the linking position 
and Јан 2 and Пү 2 are the J; levels just after the linking position. 
This requirement shall be fulfilled also when the 2 ECC Blocks have been recorded at different speeds. 
30.2.5 Jitter 


Jitter is the standard deviation o of the time variations of the binary read signal. This binary read signal is 
created by a slicer, after feeding the HF signal from the HF read channel through an equalizer and LPF (see 
Annex E). The jitter of the leading and trailing edges 15 measured relative to the PLL clock and normalized by 
the Channel bit clock period. 


The jitter shall be measured at the Reference velocity using the circuit specified in Annex E. 
The jitter measurement shall be using the conditions specified in 29.4. 
The measured jitter shall not exceed 9,0 %. 
30.2.6 Track Cross signal 
The Track Cross signal is the filtered sinusoidal sum signal (Т + 1) in Read Channel 1 when the focus of the 
optical beam crosses the tracks (see 27.3). The Track Cross signal shall meet the following requirement: 
(1, + D), 


(n* Ty) x 


30.3 Read stability 


When read with a read power of 0,8 mW at a temperature of 55 °C, all parameters specified in 30.2.2 to 30.2.6 
shall be within their specified ranges after 1 000 000 repeated reads. 


> 0,13 


Note: Reading with the same read power at lower speeds than the reference speed might degrade the read stability. 


31 
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Additional testing conditions 


Recorded DVD-R discs compliant with this DVD-R System Description shall also fulfil the following basic signal 
specifications when measured with the Pick Up Head according to the DVD — Read-Only Standard (see ECMA-267). 


31.1 Test environment 


31.1.1 


АП conditions are the same as in 29.1 to 29.2.5 except for the following. 


Optics 

The focused optical beam used for reading data shall have the following properties: 

a) Wavelength (A) 650 nm + 5 nm 

b) Numerical aperture of the objective lens (NA) 0,60 + 0,01 

c) The objective lens shall be compensated for spherical aberrations caused by a parallel substrate with 
nominal thickness (0,6 mm) and nominal refractive index (1,55). 

d) Wave front aberration 0,033 x A rms max. 

e) Light intensity at the rim of the pupil of the 60 % to 70 % of the maximum intensity in the radial 
objective lens direction and over 90 % in the tangential direction. 

f) Polarization of the light Circular 

g) Read power 0,7 mW + 0,1 mW 

h) Relative Intensity Noise (RIN )* of laser diode -134 dB/Hz max. 


*RIN (dB/Hz) = 10 log [(a.c. light power density / Hz) / d.c. light power] 


31.2 Definition of signals 


31.2.1 


31.2.2 


31.2.3 


For the definition of the following signals see 30.2 and the underlying subclauses. 


Modulated amplitude 


A > 0,60 
Пан 

13/5 Аа 
p B 


Within one disc, Ut4timax ~ 1 чини) < 0,33 (with PBS) 
14Hmax 
Within one disc, U4timax —1 чини) < 0,20 (without PBS) 
14Hmax 
Within one revolution, (панњах ~ Narmin) € 0,15 (with PBS) 
14Hmax 
Within one revolution, (панњах ~ Нано) € 0,10 (without PBS) 
14Hmax 


Signal asymmetry 


Jitter 


Лан + Паг, _ Ізн +131, 


0,05 < 2 2 <+0,15 
1\4 











The jitter shall be measured at the Reference velocity using the circuit specified in Annex E. 


The jitter measurement shall be using the conditions specified in 29.4. 


The measured jitter shall not exceed 9,0 %. 
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31.2.4 Track Cross signal 


(4 +5) э 


The Track Cross signal (see 27.3) shall meet the following requirement: CERM 
1 Ж 2 тах 


31.2.5 Differential phase tracking error signal 


The output currents of the four quadrants of the split photo detector shown in Figure 33 are identified by 1, Tp, 
1, and Iq. 
© d 


The differential phase tracking error signal shall be derived from the phase differences between the sum of the 
currents of diagonal pairs of photo detector elements when the light beam crosses the tracks: 


{Phase (1,416) - Phase(/,+/q)} , see Figure 34 and Annex F. 

The phase difference signals shall be low-pass filtered with f.(-3 dB) of 30 kHz. 

This differential phase tracking error signal shall meet the following requirements (see Figure 34): 
Amplitude 


At the positive 0 crossing At/T shall be in the range 0,50 to 1,10 at 0,10 um radial offset, where At is the 
average time difference derived from the phase differences between the sum of the currents of diagonal pairs of 
photo detector elements, and T is the Channel bit clock period . 


Asymmetry (see Figure 34) 


The asymmetry shall meet the following requirement: 








T, -T — 
| І ol € 0,20 , where T} is the positive peak value of At / T 
|Т, +T] 
and T is the negative peak value of At/T 
Light beam 
— — Tangential direction 
Figure 33 - Quadrant photo detector 
Ti 
Z -Tp 
At | 0 Level ` • • 
T 0 Tp 


» Radial spot displacement 
Tp: Track pitch 


Figure 34 - Differential phase tracking error signal 
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31.2.6 Tangential push-pull signal 


This signal shall be derived from the instantaneous level of the differential output (/,+/g) - (5*4). It shall meet 
the following requirements, see Figure 35: 


lott Ny сор 





Figure 35 - Tangential push-pull signal 


32 Quality of the recording layer 
For the integrity of the data on the disc, the recording layer shall fulfil the following initial quality requirements. 


32.1 Defects 
Defects are air bubbles and black spots. Their diameter shall meet the following requirements: 
- for air bubbles it shall not exceed 100 um, 
- for black spots causing birefringence it shall not exceed 200 um, 
- for black spots not causing birefringence it shall not exceed 300 um. 
In addition, over a distance of 80 mm in scanning direction of tracks, the following requirements shall be met: 
- the total length of defects larger than 30 шп shall not exceed 300 um, 
- there shall be at most 6 such defects. 


32.2 Data errors 
A byte error occurs when one or more bits in a byte have a wrong value, as compared to their original recorded 
value. 


A row of an ECC Block as defined in 13.3 that has at least 1 byte in error constitutes a PI error. 


If a row of an ECC Block as defined in 13.3 contains more than 5 erroneous bytes, the row 15 said to be 
*PI-uncorrectable". 


The disc shall be recorded with arbitrary data in one single uninterrupted writing action from the start of the Lead- 
in Zone until the end of the Lead-out Zone (“Disc-At-Once” mode). 


During playback after the initial recording, the errors as detected by the error correction system shall meet the 
following requirements: 

- inany 8 consecutive ECC Blocks the total number of PI errors before correction shall not exceed 280, 

- in any ECC Block the number of PI-uncorrectable rows should not exceed 4. 
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Section 7 - Characteristics of user data 


33 Method of testing 


Clause 34 describes a series of measurements to test conformance of the user data on the disc with this System 
Description. It checks the legibility of the user-written data. The data 1s assumed to be arbitrary. The data may have 
been written by any drive in any operating environment (see 8.1.2). The read tests shall be performed on the 
Reference Drive as defined in clause 9. 


Whereas clause 29 disregards defects, clause 34 includes them as an unavoidable deterioration of the read signals. The 
severity of a defect is determined by the correctability of the ensuing errors by the error detection and correction 
circuit in the read channel defined below. The requirements in clause 34 define a minimum quality of the data, 
necessary for data interchange. 


33.1 Environment 


АП signals in 34.1 to 34.2 shall be within their specified ranges with the disc in any environment in the range of 
allowed operating environments defined in 8.1.2. It is recommended that before testing, the entrance surface of the 
disc shall be cleaned according to the instructions of the manufacturer of the disc. 


33.2 Reference Drive 


33.2.1 


33.2.2 


33.2.3 


33.2.4 


33.2.5 


АП signals specified in clause 34 shall be measured in the indicated channels of the Reference Drive as defined in 
clause 9. The drive shall have the following characteristics for the purpose of these tests: 
Optics and mechanics 
The focused optical beam shall have the properties already defined in 9.2 a) to 1). The disc shall rotate as 
specified in 9.5. 
Read power 
The optical power incident on the entrance surface of the disc (used for reading the information) shall be 
0,7 mW + 0,1 mW. 
Read channels 


The drive shall have two read channels. Read Channel 1 gives a signal (/ + 15) related to the total amount of 
light in the exit pupil of the objective lens. Read Channel 2 gives а signal (Гу - 15) related to the difference in the 
amount of light in the two halves of the exit pupil of the objective lens. These channels can be implemented as 
given in 9.3 and 9.6. 


The signal from Read channel 1 is equalized and filtered before processing. The threshold level for binarizing 
the read signal shall be controlled to minimize the effects of mark and space size changes due to parameter 
variations during writing. For measurement of the disc quality as specified in clause 34, the equalizer, filter and 
slicer, and the characteristics of the PLL shall be the same as specified in Annex E for the jitter measurement. 


Error correction 


Correction of errors in the data bytes shall be carried out by an error detection and correction system based on 
the definition in 13.3. 


Tracking 
During the measurement of the signals, the axial tracking error between the focus of the optical beam and the 
recording layer shall not exceed 0,20 шт 


and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed 
0,022 um 
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34 Minimum quality of a Recording Unit 


This clause specifies the minimum quality of the data of a Recording Unit as required for data interchange. The 
quality shall be measured on the Reference Drive as defined in clause 9 and Annex E. 


А byte error occurs when one or more bits in a byte have a wrong value, as detected by the ECC and/or EDC circuits. 
34.1 Tracking 
The focus of the optical beam shall not jump tracks unintentionally. 


34.2 User-written data 


The user-written data in a Recording Unit as read in Read channel 1 shall not contain any byte errors that cannot be 
corrected by the error correction defined in 13.3. 
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Annex А 80 mm DVD-R disc 


(normative) 


The DVD-R Format also allows an 80 mm disc with capacities of 1,46 Gbytes and 2,92 Gbytes. All mechanical, 
physical and optical characteristics shall be equal to those of the 120 mm discs specified in this document, except for 
the following items: 


see: 


see: 


see: 


see: 


see: 


see: 


see: 


see: 


10.2 Overall dimensions 





The disc shall have an overall diameter d; = 80,00 mm = 0,30 mm 

10.7 Information Zone 

The Information Zone shall extend from diameter 46 to diameter 
47 = 77,5 mm min. 


This Zone consists of the Lead-in Zone, the Data Zone, the Lead-out Zone and the Inner and Outer Drive 
Areas (see also clause 15). 


11.1 Mass 

The mass of the disc shall be in the range of 6,0 g to 9,0 g. 

11.2 Moment of inertia 

The moment of inertia of the disc, relative to its rotation axis, shall not exceed 0,010 gm?. 
11.3 Dynamic Imbalance 

The dynamic imbalance of the disc, relative to its rotation axis, shall not exceed 1,5 в-тт. 


14.1 Track shape 


The tracks shall be continuous in the Information Zone. The groove tracks shall start at a radius of 
22,00 mm max. and end at a radius of 38,75 mm min. 


14.4.1.1 ADIP word structure, bit 2 to 23 


Physical ADIP Address (0379CC), which 15 the first address corresponding to the Lead-out Zone, shall be 
located at a radius € 38,00 mm. 


14.4.2.1 General information - Bytes 0 to 31 
Byte 1 - Disc size and maximum transfer rate 

Bits 65 to bg shall specify the disc size, they shall be set to 0001, indicating а 80 mm disc 
Bytes 4 to 15 - Data Zone allocation 


Bytes 9 to 11 shall be set to (ODE72F) to specify PSN 911 151 as the last possible Physical Sector of the 
Data Zone. 
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see: 16 Layout of the Information Zone of а Single-session disc 


Table 8 - Layout of a fully recorded Single-session disc 








Description Nominal radius | PSN of the first | Number of 
in mm Physical Sector Physical 
Sectors 
Inner all the same as 120 mm disc --- --- 
Drive Area 
all the same as 120 mm disc ЕИ --- --- 
Buffer Zone 3 start 38,000 mm | (0DE730) max 768 
(at full capacity) 
Lead-out | Outer Disc Identification Zone | Outer Disc Identification Zone | | (ODEA30) max 256 
Guard Zone 2 ү (0DEB30) max | 4 096 min 
Outer Disc Administration Zone | start 38,082 mm (0DFB30) 4 096 
Outer Outer Disc Count Zone start 38,147 mm (0E0B30) 4 096 
Drive Area | Outer Disc Test Zone start 38,212 mm (0E1B30) 16 384 
Guard Zone 3 start 38,472 mm (0Е5В30) blank 
end 2 38,500 mm 


see: 18.8.1 Physical format information 
Bytes 4 to 15 - Data Zone allocation 


Bytes9 to 11 ona finalized Single Session disc (see 23.3): 











shall specify the Sector Number of the last Physical Sector of the Data Zone. 


on a Multi-session disc (see clause 22): 


shall be set to (ODE72F) to specify PSN 911 151 as the last possible Physical Sector on 


the disc for the storage of User Data. 
see: 19 Data Zone 


714 544 Physical Sectors for the storage of user data area. 


The start radius of the Data Zone is determined by the location of Physical ADIP Address (00C000) and the 
maximum end radius is determined by the location of Physical ADIP Address (0379CC) (see 14.4.1.1, bit 2 
to 23 and 13.7.1) 
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see: 20 Lead-out Zone 
Figure 27 - Lead-out Zone 
Data Zone 


Physical Sector 911 152 Buffer Zone 3 Physical Sector (0DE730) 
768 Physical Sectors 
Physical Sector 911 919 with Main Data set to (00) Physical Sector (ODEA2F) 
Physical Sector 911 920 | Outer Disc Identification Zone | Physical Sector (0DEA30) 
256 Physical Sectors 
Physical Sector 912 175 Physical Sector (ODEB2F) 
Physical Sector 912 176 Guard Zone 2 Physical Sector (ODEB30) 
min 4 096 Physical Sectors 
Physical Sector 916 271 with Main Data set to (00) Physical Sector (ODFB2F) 

















Outer Drive Area 


see: 20.1 Buffer Zone 3 
The last possible start location of Buffer Zone 3 15 (0DE730). 


see: 21 Outer Drive Area 


Figure 28 - Outer Drive Area 














Lead-out Zone 
Physical Sector 916 272 | Outer Disc Administration Zone | Physical Sector (ODFB30) 
4 096 Physical Sectors 
Physical Sector 920 367 Physical Sector (OEOB2F) 
Physical Sector 920 368 Outer Disc Count Zone Physical Sector (0E0B30) 
4 096 Physical Sectors 
Physical Sector 924 463 Physical Sector (OE1B2F) 
Physical Sector 924 464 Outer Disc Test Zone Physical Sector (0E1B30) 
16 384 Physical Sectors 
Physical Sector 940 847 Physical Sector (OESB2F) 
Physical Sector 940 848 Guard Zone 3 Physical Sector (0ESB30) 
Blank 








see: 21.2 Outer Disc Count Zone 


The relation between the first Physical Sector number Р5Морт of the used ECC Block in the Outer Disc Test 
Zone and the Physical Sector numbers PSNopc to PSNopc +3 of the 4 Physical Sectors in the Outer Disc Count 


Zone is determined by the following mathematical expression: 


PSNopc = (Р5Морт) – (0E1B30)}/(04) + (OE0B30) 


- 96 - 


This page is intentionally left blank 


- 97 - 


Annex B Structure for Extended format information in the Data Zone 


(normative) 


The ADIP Aux Frames in the Data Zone may be used to store information needed to support specific applications, such as e.g. 
encryption/decryption keys needed for a copy-protection system. This annex only specifies the general structure for such 
information. 


B.1 


B.1.1 


Extended format information 


The Extended Format Information consists of a table of contents (EFI TOC) and up to 16 distinct regions that contain 
additional format information. The EFI TOC defines the location and contents of the regions contained in the 
Extended Format Information, see B.1.1. The EFI TOC shall be stored in the ADIP Aux Frames (see 14.4.1.1) in the 
Data Zone, starting at the ADIP word that has Physical ADIP Address (00C000). The regions of the Extended Format 
Information shall be located in the ADIP Aux Frames in the Data Zone and/or shall be present as pre-recorded areas 
in the main data channel. Each region contains one or more copies of a data block of a particular type, as indicated in 
the EFI TOC. 


Figure B.1 schematically shows an example lay-out, based on the VCPS copy-protection system, with the EFI TOC 
and the VCPS-defined regions that are contained in the ADIP Aux Frames in the Data Zone. The EFI TOC consists of 
8 consecutive copies of an ETOC block, where each ETOC block contains the complete EFI TOC information (see 
B.1.1). The VCPS-defined hash region contains one or more copies of the DKB hash value, as specified in the EFI 
TOC. The VCPS-defined DKB region contains one or more copies of the DKB, as specified in the EFI TOC. Gaps 
may exist between any two regions. All bytes in the ADIP Aux Frames in the gaps shall be set to (00). 









































0x0C000 0x0C800 
Y 
Nbytes 
у 
ркв DKB | =e 
16 bytes 
ma # of copies specified in EFI TOC 
hash hash | --- hash 
256 bytes # of copies specified in EFI TOC 
| етос ETOC |“ ЕТОС 
фон 
8 copies 


Figure B.1 - Example lay-out of Extended format information in ADIP 


EFI TOC 


The EFI TOC starts at the ADIP word that has Physical Address (00C000). The length of the EFI TOC is 8 ADIP 
Aux Frames, which is equivalent to 2048 consecutive ADIP words. As shown in Figure B.1, the EFI TOC consists 
of 8 consecutive copies of an ETOC block. The ETOC block consists of at most 16 Region Descriptors, as defined 
in Figure B.2. The combined size of all Region Descriptors contained in the ETOC block shall be no more than 256 
bytes. Remaining bytes shall be set to all zeros, such that the size of the ETOC block is exactly 256 bytes. 
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Bos DEI ж 6 5 4 3 2 1 0 
0 Region Descriptor #1 
Region Descriptor #2 
Region Descriptor #n 
(00) 
258 (00) 














Figure B.2 - ETOC block 


Region Descriptor #i: Region Descriptor Zi contains information with respect to the i-th region of the Extended 
Format Information (1 € i € n € 16). A Region Descriptor consists of a Basic Region Descriptor followed by zero 
or more Extended Region Descriptors. The format of a Basic Region Descriptor 15 defined in Figure B.3. The 
format of an Extended Region Descriptor is defined in Figure B.4. 






























































Bit 
Byte 7 6 5 4 3 2 1 0 

0 (msb) 

I Region Type Identifier 

2 (lsb) 
3 Extent Version number 

4 nm Region Start Address 

5 (lsb) 
6 (msb) 

3 Data Block Size 

9 (lsb) 
10 Repeat Count 
11 Reserved Private 
12 (msb) 

: Alternative Location 
15 (lsb) 





Figure B.3 – Basic Region Descriptor 


Region Type Identifier: The type of the data block that is contained in the region. Data blocks stored in different 
regions having the same Region Type Identifier shall be identical. 


Extent: The Extent bit shall indicate if this Basic Region Descriptor is followed by an Extended Region 
Descriptor, as follows: 

0: This Basic Region Descriptor is not followed by an Extended Region Descriptor. 

1: This Basic Region Descriptor is followed by an Extended Region Descriptor. 


Version Number: The revision of the data block type that is contained in the region. 


Region Start Address: If the data block is stored in the ADIP Aux Frames, the Region Start Address is given as 
the Physical ADIP Address of the ADIP word that contains the first byte of the data block, divided by 256. The 
Region Start Address shall be greater than or equal to (00C8). If the data block is not stored in the ADIP Aux 
Frames, the Region Start Address shall be zero. In that case the Alternative Location shall be non-zero and specify 
the location of the data block in the main data channel. 


Data Block Size: The size in bytes of a single copy of the data block in the region. The Data Block Size shall be 
set to zero if the data block is not contained in the ADIP Aux Frames. 
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Repeat Count: The number of consecutive copies of the data block that are contained in the region. If the data 
block is stored in the ADIP Aux Frames and the region extends through the end of the Disc, Repeat Count shall be 
set to 0. The Repeat Count shall be set to zero if the data block 1s not contained in the ADIP Aux Frames. 


Reserved: АП reserved bits shall be set to ‘0’. 


Private: The Private bit shall indicate if a Drive is permitted to output the contents of the region, as follows: 
0: A Drive is permitted to output the contents of the region. 
1: A Drive is not permitted to output the contents of the region. 


Alternative Location: In addition to, or alternative to storage in the ADIP Aux Frames, the data block may be 
stored in a contiguous area of the main data channel. In that case, the Alternative Location specifies the first 
Physical Sector Number of the location in the main data channel that contains one or more copies of the data block. 
Otherwise, Alternative Location shall be set to zero. Note that the format of the data block as contained in the main 
data channel may be different from the format of the data block as contained in the ADIP Aux Frames. 





















































Bit 
Byte 7 6 5 4 3 2 1 0 
0 (msb) 
I Region Type Identifier 
2 (lsb) 
3 Extent Version number 
4 
е Reserved 
15 











Figure B.4 - Extended Region Descriptor 


Region Type Identifier: the Region Type Identifier shall be identical to the Region Type Identifier contained in 
the preceding Basic Region Descriptor. 


Extent: The Extent bit shall indicate if this Extended Region Descriptor 15 followed by another Extended Region 
Descriptor, as follows: 

0: This Extended Region Descriptor is not followed by another Extended Region Descriptor. 

1: This Extended Region Descriptor is followed by another Extended Region Descriptor. 


Version Number: the Version Number shall be identical to the Version Number contained in the preceding Basic 
Region Descriptor. 


Reserved: All reserved bytes shall be set to (00). 
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Annex C Measurement of light reflectivity 


(normative) 


Calibration method 


The reflectivity of a disc can be measured in several ways. The two most common methods are: 

- parallel method, 

- focused method. 

For use in players the focused method with the help of a reference disc with known reflectance is the most relevant 
and easiest one, while for the calibration of the reference disc the parallel method is easier. 

When measuring the reflectivity in the focused way, only the light returned by the reflective layer of the disc (I,,) will 
fall onto the photo detector. The reflected light coming from the front surface of the disc and the light coming from 
the parasitic reflections inside the disc will mainly fall outside the photo detector. Because in the parallel method only 
the “total” reflected power (Туу) can be measured, a calculation is needed to determine the “main” reflectance from the 
reflective layer. 


A good reference disc shall be chosen, for instance 0,6 mm glass disc with a golden reflective mirror. This reference 
disc shall be measured by a parallel beam as shown in figure C.1 





Figure C.1 - Reflectivity calibration 
In this figure the following applies: 
R — reflectance of the recording layer (including the double pass substrate transmittance) 


т = reflectance of the entrance surface 


5 


Rref = reflectance as measured by the focussed beam (is by definition = In 1 ) 
B 


Ку  -reflectance as measured by the parallel beam (is by definition = vA ) 


Ip — power of incident beam 

I, = reflected power from entrance surface 

In = reflected power from recording layer 

Ги = reflected power from internal reflections between entrance surface and recording layer 


Ту = measured reflected power (I, + Ба + Tint) 


C.2 
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The reflectance of the entrance surface is defined by : 


2 

n-1 ; ; ; 

I, = (=) , Where n is the index of refraction of the substrate. 
nc 


The main reflected power I, = Ij; - I, - Бру which leads to: 


(rcm 


1-1,x(2-R,) 





The reference disc shall be measured on a reference drive. The total detector current (J; + 1) obtained from the 
reference disc, and measured by the focused beam is equated to Ip as determined above. 


Now the arrangement is calibrated and the focused reflectance is a linear function of the reflectivity of the recording 
layer and the double pass substrate transmission, independently from the reflectivity of the entrance surface. 


Measuring method 
Reflectivity in the unrecorded Information Zone 


A method of measuring the reflectance using the reference drive. 


(1) Measure the total detector current (J; + /5), from the reference disc with calibrated reflectance К.ғ. 


(2) Measure the total detector current (7, + D)g from a groove track in an area of the disc under investigation where 
the groove track and the two adjacent tracks on each side of the track to be measured have not been recorded. 


(3) Calculate the unrecorded disc reflectance Ка as follows 
(и 5), 

dé LIS 

(I, +1), 


Reflectivity in the recorded Information Zone 


xR 


ref 


A method of measuring the reflectance using the reference drive. 


(1) Measure the total detector current (Ту + 7), from the reference disc with calibrated reflectance Кү. 


(2) Measure Пан from a recorded groove track in an area of the disc under investigation where at least the two 
adjacent tracks on each side of the track to be measured have been recorded. 


(3) Calculate the recorded disc reflectance К 4g as follows: 


lan 
R = xR 
14H (I, + ly), ref 
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Annex D Measurement of birefringence 


(normative) 


D.1 Principle of the measurement 


In order to measure the birefringence, circularly polarized light in a parallel beam 15 used. The phase retardation 15 
measured by observing the ellipticity of the reflected light. 









radial direction 





Figure D.1 - Ellipse with ellipticity e = b/a and orientation 0 
The orientation Ө of the ellipse is determined by the orientation of the optical axis 
Ө = y- n/4 (1) 
where у 1s the angle between the optical axis and the radial direction. 


The ellipticity, e = b/a, is a function of the phase retardation 5 


e- ЊЕ (= - sj (2) 


When the phase retardation д 15 known the birefringence BR can be expressed as a fraction of the wavelength 


BR- RE nm (3) 
2n 


Thus, by observing the elliptically polarized light reflected from the disc, the birefringence can be measured and the 
orientation of the optical axis can be assessed as well. 
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D.2 Measurements conditions 


The measurement of the birefringence specified above shall be made under the following conditions. 


Mode of measurement in reflection, double pass through the substrate. 


Wavelength 7, of the laser light 640 nm + 15 nm 
Beam diameter (FWHM) 1,0 mm + 0,2 mm 
Angle В of incidence in radial direction 7,0? + 0,2° 


relative to the radial plane perpendicular to 
Reference Plane P 


Disc mounting horizontally 
Rotation less than 1 Hz 
Temperature and relative humidity as specified in 8.1.1 


D.3 Example of a measurement set-up 
Whilst this System Description does not prescribe a specific device for measuring birefringence, the device shown 
schematically in figure D.2 as an example, is well suited for this measurement. 


/ 


/ 
laser ——> са : SS <— photo detector 


У <— collimator lens 
polarizer — —5» 
«— rotating analyzer 
МА plate ——Ђ» "d 


ки 
disc —————5 





Figure D.2 - Example of a device for the measurement of birefringence 


Light from a laser source, collimated into a polarizer ( extinction ratio « 10? ), is made circular by а МА plate. The 


ellipticity of the reflected light is analyzed by a rotating analyzer and a photo detector. For every location on the disc, 
the minimum and the maximum values of the intensity are measured. The ellipticity can then be calculated as 


2 ly 
ag а 


Combining equations (2), (3), and (4) yields 
BR- д A ittis oin. 
4 T max 


This device can be easily calibrated as follows 


Imin 15 set to 0 by measuring a polarizer or a 2/4 plate, 


min 
= lhin” тах When measuring a mirror 


Apart of the d.c. contribution of the front surface reflection, a.c. components may occur, due to the interference of the 
reflection(s) of the front surface with the reflection(s) from the recording layer. These a.c. reflectivity effects are 
significant only if the disc substrate has an extremely accurate flatness and if the light source has a high coherence. 


- 105 - 


Annex E Measuring conditions for operation signals 


(normative) 


E.1 System diagram for jitter measurement and characterization of user data 


The general system diagram shall be as shown in figure E.1. 






HF-signal 


AC-coupling 





| pre-amp's 
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photo-detector 
phase detector 
+ filter 
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all data 
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e.g. Time Interval Analyzer start/stop signal 


from revolution pulse 


jitter analyzer 





Figure E.1 - General diagram for jitter measurement 
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Е.2 Open loop transfer function for PLL 
The open-loop transfer function for the PLL shall be as shown in figure E.2 
Gain (dB) 
A 


-40 dB/decade 


-20 dB/decade 


0 dB E » Frequency (kHz) 





N -40 dB/decade 





Figure E.2 - Schematic representation of the open-loop transfer function for PLL 


E.3 Slicer 
The slicer shall be a 1% order, integrating feed-back auto-slicer with a -3 dB closed-loop bandwidth of 5 kHz. 


E.4 Conditions for measurement 


The bandwidth of the pre-amplifier of the photo detector shall be greater than 20 MHz in order to prevent group-delay 
distortion. 


Equalizer: 3-tap transversal filter with transfer function H(z) = 1,364 gs 0,182 (1 + z^) 


Low-pass filter: — 6th order Bessel filter, f, СЗ dB) = 8,2 MHz 


Filtering plus equalization : 
- Gain variation : 1 dB max. (below 7 MHz) 
- Group delay variation : 1 ns max. (below 7 MHz) 
- (Gain at 5,0 MHz - Gain at 0 Hz) = 3,2 dB + 0,3 dB 


a.c. coupling (high-pass filter) = 1st order, Ј СЗ dB) = 1 kHz 


Correction of the angular deviation : only d.c. deviation shall be corrected. 


Е.5 
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Gain (dB) 
+6 
+3 
Equalizer + 
Bessel filter 
0 
-3 Bessel filter 
-6 
0 5 Frequency (MHz) 10 


Figure E.3 - Frequency characteristics for the equalizer and the low-pass filter 


Measurement 


The jitter of all leading and trailing edges over one revolution shall be measured. 
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Annex F Measurement of the differential phase tracking error 


(normative) 


Measuring method for the differential phase tracking error 


The reference circuit for the measurement of the tracking error shall be that shown in figure F.1. Each output of the 
diagonal pairs of elements of the quadrant photo detector shall be converted to binary signals independently after 
equalization of the wave form with the transfer function defined by: 


H(ia) = (1 + 1,6 x107 xio)/(1-4,7 х 109 x ia) 


The gain of the comparators shall be sufficient to reach full saturation on the outputs, even with minimum signal 
amplitudes. Phases of the binary pulse signal edges (signals В1 and В2) shall be compared to each other to produce a 
time-lead signal СТ and а time-lag signal C2. The phase comparator shall react to each individual edge with signal СТ 
or C2, depending on the sign of ЛЕ. A tracking error signal shall be produced by smoothing the C1, C2 signals with 
low-pass filters and by subtracting by means of a unity gain differential amplifier. The low-pass filters shall be Ist 
order filters with a cut-off frequency (-3 dB) of 30 kHz. 

Special attention shall be given to the implementation of the circuit because very small time differences have to be 
measured (1 % of T equals only 0,38 ns). Careful averaging is needed. 


The average time difference between two signals from the diagonal pairs of elements of the quadrant detector shall be 


— 1 
Ar. Уд; 
where № is the number of edges, both rising and falling. 


Measurement of л /Т without time interval analyzer 


The relative time difference Ar/T is represented by the amplitude of the tracking error signal provided that the 
amplitudes of the C1 and C2 signals and the frequency component of the read-out signals are normalized. The relation 





between the tracking error amplitude ATVE and the time difference is given by: 


mz. Ул; 
2. 


i 





= At В Урс 
Т 


уућеге: 


Урс is the amplitude of ће СІ and C2 signals 

T; is the actual length of the read-out signal in the range 3T to 14T 
n.T is the weighted average value of the actual lengths 

N.n.T is the total averaging time. 


The specification for the tracking gain can now be rewritten by using the tracking error amplitude as follows: 


0,50 x (VPS) < ATVE с 1,10х CPT) at 0,1 um radial offset. 
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Figure F.1 - Circuit for tracking error measurements 


F.3 


F.3.1 


ае 


Calibration of е circuit 


Assuming that Vpc equals ~ 5 V and that the measured value of n equals ~ 5, then the above relation between the 





tracking error amplitude ATVE and the time difference Ar can be simplified to: 


hip e A 
T n T 

The average runlength n of the 8-to-16 modulated signal is depending on the data content and the averaging time. 

Therefore the circuit shall be calibrated with a fixed frequency signal, corresponding to a modulated signal with 5T 

runlengths. For this purpose sinusoidal signals with a frequency of 2,616 MHz can be used. 


Typically the pulses of signals СТ and C2 will be generated by some digital gate circuit with an output signal 
switching between ground and the supply voltage. This voltage swing is assumed to be about 5 volts, however, 
depending on the applied technology, it may deviate from 5 volts significantly. 


Because the formal specification for the DPD signal is: 
At | 
0,50 < um <1,10 at 0,1 шп radial offset, 


the measurement by means of ATVE 15 influenced by the actual values of Vpc and n. Therefore the following 
calibration procedure shall be applied. 


Saturation of comparators 


Make sure that the gain of the level comparators is such that for all actual input signal levels, the signals B1 and B2 
are square wave signals. In this case the amplitude of the signal TVE is independent of the amplitude of the input 
signals. 





k saturation area 


























> 
TVE signal 
amplitude 
0 
0 : 


Comparator input 
signal amplitude 


Figure F.2 - Tracking error signal amplitude versus comparator input signal amplitude 


Е.3.2 
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Correction for n and Vpc 


Because of the above mentioned deviations of n and Vpc, and possibly some other circuit parameters, a correction 
factor K has to be determined, such that: 


ALT (real) = K x ATVE (measured). 
This can be achieved in the following way: 


a) Generate two sinusoidal signals Al and A2 of frequency 2,616 MHz with a phase difference, and inject them 
into the two equalizer circuits. 


b) Measure the relation between At/ T and ATVE, and determine K from figure F.3: 
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=== . Now the set-up 15 ready for use. 
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Figure F.3- ATVE versus Л/Т 
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Annex G The write pulse wave form for testing 


(normative) 


For different speed ranges, different write strategies can be used. This version of this document specifies 3 options: 

- a pulsed write strategy, where each single mark is created by a number of subsequent separated short pulses, 

- a blocked write strategy, where each single mark is created by one continuous pulse, 

- а Castle write strategy, where each single mark is created by one continuous pulse with a power emphasis at the beginning 
and at the end of the pulse. 


G.1 


Pulsed write strategy 


The write pulse waveform obtained from the NRZI data and the channel clock is shown in figure G.1. It consists of 
N-2 pulses, where N is the length of the NRZI pulse expressed in channel clock cycles. 


The write pulse waveform for writing marks of length N — 3 consists of only the top pulse (Тр). 
The write pulse waveform for writing marks of length N > 4 consist of the top pulse (Ту), N-4 multi-pulses (T 


and the last pulse (Тр). 






NRZI channel bits 





| 
и 3 № 


Figure G.1 - Write pulse waveform 





The nominal pulse width times Tmp and Тр shall be as indicated in the Physical format information in Table 3 and in 
14.4.2.2. The duration can be dependent on the writing speed: 


Тир 7 m x Me Tw with m=4, 5, .. or 14 (0,25 Tw < Тар € 0,875 Tw) 
Typ 7 n x Ag Tw with n —4, 5, .. or 24 (0,25 Tw < Тр < L5 Tw) 


The laser power shall be switched to bias level between each pair of separated pulses for at least 246 Tw. 


The nominal pulse width time Tiop: 15 dependent upon the length of the current mark (cm). It shall be as indicated in 
the Physical format information in Table 3 and in 14.4.2.2. The duration can also be dependent on the writing speed: 


Тур (cm =3T) =i x Мв Tw with i— 4, 5, .. or 40 (0,25 Tw < Tip 2,5 Tw) 


Тор (cm 24T) =j x Js Tw with j =4,5, .. or 40 (0,25 Tw < Tip < 2,5 Tw) 
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The nominal first pulse lead-time dT top relative to the trailing edge of the second Channel bit of the NRZI data pulse, 
is dependent upon the length of the current mark (cm). It shall be as indicated in the Physical format information in 
Table 3 and in 14.4.2.2. The value of dT top can also be dependent on the writing speed: 


AT top (cm =3T) =p x Ne Tw with p = 0, 1, .. or 24 (0,0 Tw € AT top (cm =3T) < 1,5 Ty) 
dT top (cm 24T) = а x Me Tw with q = 0, 1, .. or 24 (0.0 Tw < AT top (cm 24T) € 1,5 Tw) 


With the individual values for Trop (cm =3T) and AT top (cm =3T), the 3T mark can be enhanced and shifted for 
optimum resulting jitter. The widening of the 3T write pulse is: AT = {Ttop (ст =3T) - Ttop (cm 24T)} and the shift 
of the ЗТ write pulse is: ôT = Тор (cm =3T) – AT top (cm 24T)}. 
In principle the shift 5T and the widening AT of the 3T pulse can be chosen independently. However because of 
limitations in certain implementations, for this version of this document there is one exception: 
if a shift of the 3T pulse is needed, such a shift shall be combined with a widening resulting in a symmetrical 
change of the ЗТ write pulse. Or in mathematical terms: if ST 40, then AT shall be = 2 x ST (see Figure G.2). 
The position of the leading edge and hence the length of the first pulse may be corrected by dT], dependent upon the 
length of the previous space (ps). This feature is called “thermal balancing". dT], shall be as indicated in the Physical 
format information in Table 3 and in 14.4.2.2. If the previous space is 24 channel clock cycles, then dTj, shall be 0. 


The value of dT), can be dependent on the writing speed: 
dT}, (ps =3T) = u x Me Tw with u—0,1,..or4 (0,0 Tw < dTie € 0,25 Ty) 
(dTie will give a delay and reduce the length of the first pulse as indicated in Figure G.1) 


The values for Pw, and Pb are determined according to the OPC algorithm (see Annex I). An example of the write 
pulse waveform is shown in figure С.2. 








NRZI: дата 





enhanced 3T reduced 
write pulse top pulse 


Figure G.2 - Example of a Multiple-pulse 


G.2 
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Blocked write strategy 


The waveform for the blocked write strategy (see Figure G.3) 15 derived from the waveform for the pulsed write 
strategy by setting Tmp equal to Tw (m = 16) and setting Tiop(cm24T) equal to AT top + Tw =а+ 16). 
Ttop(em=3T) can be optimised individually. 


The write pulse waveform for writing marks of length N = 3 is a pulse with a length Ttop(em=3T). 
The write pulse waveform for writing marks of length N 2 4 is a pulse with a length 
4Тир(ст>4Т) + (N-3)xTw + Tip- 


Especially at higher recording speeds, optimum cooling down of the recording layer after writing a mark may be 
needed. For this purpose the bias power shall be switched to Pc between the trailing edge of the write pulse and a 
quarter of the second Channel bit after the trailing edge of the NRZI data pulse. Pc shall be < 0,1 mW. 


At higher recording speeds with a blocked write strategy also a power enhancement for the shorter marks might be 
needed. The additional power dPw shall only be applied for the 3T and 4T marks and shall extend over the full width 
of the write pulse waveform (see Figures G.3 and G.4). It shall be as indicated in the Physical format information in 
Table 5 and in 14.4.2.3.1. 


y 


dPw (cm-3T)- x Pw with y=0,1,..0r100 (0,00 Pw < dPw x 0,50 Pw) 
ару (ст =4T) = 6 x Pw with z=0,1,..0r100 (0,00 Pw < dPw < 0,50 Pw) 


ару (cm 25T) = 0 


| 
МЕД channel bits 


























Figure G.3 - General blocked waveform 


The nominal pulse width times Tmp and Тр shall be as indicated in the Physical format information in Table 5 and in 
14.4.2.3.1. The duration can be dependent on the writing speed: 


Тир“ m x Me Tw with m 16 (Tmp = 1,0 Tw) 
Typ 2 n x Mg Tw with n=0, 1, .. or 16 (0,0 Tw < Tip < 1,0 Ty) 
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The nominal pulse width time Trop» is dependent upon the length of the current mark (cm). It shall be as indicated in 
the Physical format information in Table 5 and in 14.4.2.3.1. The duration can also be dependent on the writing speed: 


Trop (cm =3T) =i x He Tw with i= 16, 17, .. or 48 (1 Tw < Тор 5 3 Tw) 
Тор (cm 24T) =j x Me Tw with j = 16, 17, .. or 48 (1 Tọ < Trop <3 Tw) 


0 = 4 + 16, see at AT top) 
The nominal first pulse lead-time dT top relative to the trailing edge of the second Channel bit of the NRZI data pulse, 
is dependent upon the length of the current mark (cm). It shall be as indicated in the Physical format information in 
Table 5 and in 14.4.2.3.1. The value of AT top can also be dependent on the writing speed: 


dT top (cm =3T) =p x Ne Tw with p = 0, 1, .. or 32 (0,0 Tw < dT top (cm =3T) < 2 Tw) 
AT top (cm 24T) =q x Me Tw with q = 0, 1, .. or 32 (0,0 Түү € AT top (cm 24T) € 2 Tw) 


(а 7j – 16, see at Тор) 
With the individual values for Trop (ст =3T) and AT top (cm =3T) the 3T mark can be adapted and shifted for 
optimum resulting jitter. The relative shift of the ЗТ write pulse is: ôT = {dT top (ст =3T) – AT top (cm >4Т)}. 


The position of the leading edge and hence the length of the first pulse may be corrected by dT, dependent upon the 
length of the previous space (ps). This feature is called “thermal balancing". dT), shall be as indicated in the Physical 
format information in Table 5 and in 14.4.2.3.1. If the previous space is 24 channel clock cycles, then dT), shall be 0. 
The value of dT), can be dependent on the writing speed: 


dT}, (ps =3T) =u x Me Tw with u=0, 1,.. or 4 (0,0 Tw < dT}, € 0,25 Ty) 
(dTie will give a delay and reduce the length of the first pulse as indicated in Figure G.3) 


The values for Pw, and Pb are determined according to the OPC algorithm (see Annex I). An example of the write 
pulse waveform is shown in figure G.4. 























Figure G.4 - Examples of a “blocked” waveform 


G.3 
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Castle write strategy 


The write pulse waveform obtained from the NRZI data and the channel clock is shown in figure G.5. It consists of an 
uninterrupted pulse with a power boost at the beginning and at the end. 


The write pulse waveform for writing marks of length N = 3 is a pulse with a length Түз. 

The write pulse waveform for writing marks of length N > 4 is a pulse with a length Түз + (N-3)xTw. 

The additional power dPw shall be applied during the whole write pulse for the ЗТ mark (Түз) and during Тор and 
Тела at the beginning respectively at the end of the write pulses for the > 4T marks. It shall be as indicated in the 
Physical format information in Table 6 and in 14.4.2.3.2. 


dPw = E x Pw with y=0,1,..0r255 (0,00 Pw x іру 1,275 Pw) 


NRZI channel bits 














Figure G.5 - General Castle waveform 


The nominal pulse width time Түз shall be as indicated in the Physical format information in Table 6 and in 14.4.2.3.2. 
The duration can be dependent on the writing speed: 


The nominal pulse width time Тор shall be as indicated in the Physical format information in Table 6 and in 
14.4.2.3.2. The duration can be dependent on the writing speed: 
Tip7ix Ne Tw with i= 4, 5, .. or 32 (0,25 Tw < Ttop € 2,0 Tw) 


The nominal pulse width time Тоде, is dependent upon the length of the current mark (cm). It shall be as indicated in 


the Physical format information in Table 6 and in 14.4.2.3.2. The duration can also be dependent on the writing speed: 
Teng (cm =4T) = m x Уб Tw with m = 4, 5, .. or 32 (0,25 Tw € Teng € 2-0 Tw) 


Teng (cm 25T) =n x Ne Tw with n=4,5,.. or 32 (0,25 Tw € Teng S 2.0 Tw) 


Because of limitations in certain implementations, the following constraints shall be kept until further notice: 
Тера (any mark) < Тү; and Тү; + (n-3)xTw – Trop - Teng (ст = n) = 446 Tw for each n > 4 


(the power level Py shall be kept for at least 0,25 Түү) 
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The position of the leading edge and hence the start position of the pulse may be corrected by dTj, dependent upon 


the length of the previous space (ps). This feature is called “thermal balancing”. dTj, shall be as indicated in the 
Physical format information in Table 6 and Table 7 and in 14.4.2.3.2 and 14.4.2.3.3. If the previous space is 24 
channel clock cycles, then dT), shall be 0. The value of dT), can be dependent on the writing speed: 


dTie (ps =3T) = их Ne Tw with u=0, 1,.. or 4 (0,0 Ту, < dTie € 0,25 Tw) 

(dTie will give a delay and reduce the length of the pulse as indicated in Figure G.5) 
At high recording speeds, optimum cooling down of the recording layer after writing a mark is needed. For this 
purpose the bias power shall be switched to Pc between the trailing edge of the write pulse and Tç after the trailing 
edge of the NRZI data pulse. Ре shall be < 0,1 mW. Тс shall be as indicated in the Physical format information in 
Table 6 and in 14.4.2.3.2. The value of Tç can be dependent on the writing speed: 

To=vx Neg Тұ with v= 16, 17, .. or V (1,0 Tw < Те < V/16 Tw) 

(У 232 ог 40 depending on the applied write strategy; see 14.4.2.3.2 and 14.4.2.3.3) 


Note: The length of the cooling gap might have some influence on the position of the leading edge of the next written 
mark, especially in the case of a short space. Therefore some fine-tuning between Т, and Тс possibly could 
improve the recording characteristics of the disc. 


The values for Pw, and Pb are determined according to the OPC algorithm (see Annex I). An example of the write 
pulse waveform is shown in figure G.6. 


>3 T 3T 3T 8T 











space mark space mark 





fine-tuning of leading edge shift 
thermal balancing for thermal balancing 


Figure G.6 - Example of a Castle waveform 
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G.4 Rise and fall times 


The rise times, Т„ and fall times, Тр as specified in figure G.7 shall not exceed 2 ns. 
Possible overshoots shall be « 20% of the step size P. 


Twidthl i Twidth2 | Twidth3 





Р, 















« 








---p-----Q4-----4------2---2-2--2-2-2-.--2-----2-j----------. 


Figure G.7 - Rise Times and Fall Times 
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Annex Н 8-to-16 Modulation 


(normative) 


8-to-16 modulation shall satisfy RLL(2,10) requirements. The encoding system is shown in figure H.1 with the conversion 
tables shown in table H.1 and table H.2. 























8-bit byte, B(t) 16-bit Code Word, X(t) 
[эз осо о, Aa 
State, 50 у Conversion Table Next State, S(t-1) 
T | 

















T = delay of one conversion 
Where: 
X(t) = H(B(t), S(t)) Xjs(t) = msb and Хо) = 156 


S(t-1) = G(B(t, 509) 
H is the output function from the conversion tables 
G is the next-state function from the conversion tables 


Figure H.1 - Code Word generating system 


The States of the Code Words, X(t), shall be chosen to satisfy the RLL(2,10) requirements of a minimum of 2 ZEROs and a 
maximum of 10 ZEROs between ONEs of adjacent Code Words. 


Code Word Х(О Next State S(t+1) Code Word X(t+1) 
Ends with 1 or no trailing ZEROs Starts with 2 to 9 leading ZEROs 


Ends with 2 to 5 trailing ZEROs State 2 Starts with lor up to 5 leading ZEROs 
and 


X15(t+1) $ X3(t+1) = 0,0 


Ends with 2 to 5 trailing ZEROs Starts with none or up to 5 leading ZEROs 
and 


Xjs(t-1) , Xa(t*1) = 0,0 


Ends with 6 to 9 trailing ZEROs Starts with 1 or no leading ZEROs 


Figure H.2 - Determination of States 





Note that when decoding the recorded data, knowledge about the encoder is required to be able to reconstitute the original 
bytes. 


BY) = HH (x(o, SO} 
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Because of the involved error propagation, such state-dependent decoding is to be avoided. In the case of this 8-to-16 
modulation, the conversion tables have been chosen in such a way that knowledge about the State is not required in most 
cases. As can be gathered from the tables, in some cases, two 8-bit bytes, for instance the 8-bit bytes 5 and 6 in States 1 and 2 
in table H.1 generate the same 16-bit Code Words. The construction of the tables allows to solve this apparent ambiguity. 
Indeed, if two identical Code Words leave a State, one of them goes to State 2 and the other to State 3. Because the setting of 
bits Ху and Хз is always different in these two States, апу Code Word can be uniquely decoded by analysing the Code Word 
itself together with bits X45 and Хз of the next Code Мога: 


B(t) =H! ( X(t), Xi s), X3(t+1) } 


The Substitution table, table H.2, is included to insure meeting the DCC requirements of 13.8. 


Table H.1 - Main Conversion Table 


State 1 State 2 State 3 State 4 
8-bit 
byte Code Word Code Word Code Word 
msb Isb | State | msb Isb | State | msb Isb | State | msb Isb | State 


| 0 [0010000000001001 | 1 | 0100000100100000 | 2  |0010000000001001| 1 | 0100000100100000 | 2 | 
| 6 [0010000000100100 | 3 | 0010000000100100 | 3 | 1000100100000000 | 4 __| 1000100100000000 | 4 | 
| 8 [0010000010010000 | 3 |0010000010010000 | 3 [1000010010000000 | 4  |1000010010000000| 4 | 
| о [0010000100100000 | 3 | 0010000100100000 | 3 | 1001001000000001 |_1_| 1001001000000001 | 1 | 
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8-bit 
byte Code Word Next Code Word Next Code Word Next Code Word 
msb lsb | State | msb lsb | State | msb lsb | State | msb lsb 


1000010010000010 
1000001000100000 
1000010001000001 
1000001000100000 
0100010001000000 
1000001000100001 
0100001001000001 
1000000100010000 
1000000010001000 
1000000100010000 
0100000100100001 
1000000100100010 
1000000100010001 
1000000010010010 
1000000010001001 
1000000001000010 
0100000010010001 
1000000000100001 
0100000001001001 
| 60 [0001000010010001 | 1 | 0001000010010001 | 1 | 1001001000010010 | 1 | 1001001000010010 
1001001000001001 
1001000100000010 
1000000001000100 
0100000001001000 
1000010000100000 
| 66 [0010001000010000 | 2 | 0010001000010000 | 2 | 1000001000010000 | 2 | 1000001000010000 
0100000000100010 
| 68 [0010000010000100 | 2 | 0010000010000100 | 2 | 1000000100001000 | 2 | 1000000100001000 
| 69 [0010000000010000 | 2 | 0010000000010000 | 2 | 1000000010000100 | 2 | 1000000010000100 
0100001000100000 
0100000010001000 
0100000100010000 
1000000001000100 
0100000001001000 
1000010000100000 
1000001000010000 
0100000001000100 
1000000100001000 
1000000010000100 
| 80 [0000100000000100 | 3 | 0000100000000100 | 3 [0100000010001000 | 3 | 0100000010001000 
1000100001000000 
0100000001000100 
1000000010001000 
1001001001001000 
0100000100010000 
| 86 [0001000001000100 | з | 0001000001000100 | 3 | 1001001000100100 | 2 | 1001001000100100 
0100001000100000 
1001001001001000 
| 89 [0001001000100000 | 3 | 0001001000100000 | 3 | 1001000010000001 | 1 | 1001000010000001 
| 99 [0010000000010000 | з | 0010000000010000 | 3 | 1000100100010010 | 1 | 1000100100010010 
1000100100001001 
0100000000010001 
1000100010000010 
1000100001000001 
0100100100000010 





= | | | | | |с | Оз | до | Оз | до Јо | О | A оо | Оз [| Оз N јој о Јо [Оз | F2 |tOo | P2 | F2 | F2] | r2 ооо =|= | - | - | - | - | - | —| ||| 65 | о јо Јн | =| 5 | О | | ко 
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8-bit 
byte Code Word Next Code Word Next Code Word Next Code Word Next 
msb lsb | State | msb lsb | State | msb lsb | State | msb lsb | State 


| 96 | 0000000100000001 | 1 | 0100100010000001 | 1 | 1000010010001001 | 1 [0100100010000001 | 1 | 
| 98 [0010010010010010 | 1 [ 0010010010010010 | 1 | 1001001000000100 | 2 _ | 1001001000000100 | 2 | 
| 99 [0010010001000010 | 1 | 0010010001000010 | 1 | 1001001000100100 | 3 | 1001001000100100] 5 | 
| 147 | 0000100001000100 | 3 | 0000100001000100 | 3 | 1000000000100000 | 2 | 1000000000100000 | 2 | 
| 148 | 0000100010001000 | з | 0100000010000100 | 3 | 0000100010001000 | 3 _ | 0100000010000100 | 3 | 
| 149 | 0000100100010000 | з | 0000100100010000 | 3 | 1000000000100000 | 3 | 1000000000100000 | 3 | 
| 150 | 0001000000010000 | 3 __| 0001000000010000 | 3 | 0100000100001000 | 3  |0100000100001000| 5 | 
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8-bit 
byte Code Word Next Code Word Next Code Word Next Code Word 
msb lsb | State | msb lsb | State | msb lsb | State | msb lsb 


1000000001000000 
| 152 | 0001000100001000 | 3 | 0100001000010000 | 3 | 0001000100001000 | 3 _ | 0100001000010000 
| 153 | 0001001000010000 | з | 0001001000010000 | 3 | 1001000001000001 | 1 | 1001000001000001 
| 154 | 0010000000100000 | 3 | 0010000000100000 | 3 | 0100000100001000 | 2 _ | 0100000100001000 
| 155 | 0010000100000100 | 3 | 0010000100000100 | 3 | 1001000100100100 | 3 | 1001000100100100 
| 156 | 0010000100100100 | 3 | 0010000100100100 | 3 | 1000100100100010 | 1 | 1000100100100010 
| 157 | 0010001000001000 | з | 0100000000100001 | 1 | 0010001000001000 | 3 _ | 0100000000100001 
| 158 [0010001001000100 | 3 | 0010001001000100 | 3 | 1000100100000100 | 3 [0100100100000000 
| 159 | 0010010000010000 | 3 | 0010010000010000 | 3 | 1001001001000100 | 2 | 1001001001000100 
1001001000001000 
0100000000010000 
0100100100100100 
0100100100100100 
0100100100010010 
1001000100100100 
1001000100000100 
0100100100000100 
1001001001000100 
1000100000100001 
| 170 | 0010000100000010 | 1 | 0010000100000010 | 1 | 1000010010010001 | 1 | 1000010010010001 
0100100000100000 
1000010001001001 
1000010000100010 
1000010000010001 
1000001000010010 
1000001000001001 
0100100010000010 
1000000100000010 
1000000010000001 
0100100100001001 
0100100000100000 
0100010010001001 
0100001001001001 
0100010010000100 
1001000000100000 
1000100100001000 
1000100010000100 
0100100001000001 
1000100000010000 
0100010010000100 
0100010000010000 
0100001001000100 
0100010000010000 
1000001001001000 
0100010010010010 
1000001000100100 
1000001000000100 
0100010001000010 
0100001000001000 
1001000000100000 
1000100100001000 
0100010000100001 
1000100010000100 
3 | 1000010010001000 
3 __ 1000010001000100 


Јо јо јој јео јој 
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8-bit 
byte Code Word Next Code Word Next Code Word Next Code Word Next 
msb Isb | State | msb Isb | State | msb Isb | State | msb 156 | State 


| 211 10000001000100100]| 3  |0100000100100100 | 2 | 1000001001001000 | 3  |0100000100100100| 2 | 
| 212 10000001001001000| 3 | 0100000100000100 | 2 | 1000001000000100 | 3  |0100000100000100| 2 | 
| 213 [0000010000001000 | 3 | 0100000001000001 | 1 | 0000010000001000 | 3 [0100000001000001 | 1 | 
| 214 | 0000010001000100 | 3 | 0000010001000100 | 3  |0100001000001000| 3 _ | 0100001000001000 | 3 | 
| 215 | 0000010010001000 | 3 | 0100000000100000 | 2  |0000010010001000| 3 _ | 0100000000100000 | 2 | 
| 216 | 0000100000010000 | 3 | 0000100000010000 | 3  |1001001000010000| 3  |1001001000010000| 3 | 
| 217 | 0000100010000100 | 3 | 0000100010000100 | 3 [1001000100000100 | 3  |1001000100000100| 3 | 
| 218 | 0000100100001000 | 3 | 0100000100000100 | 3  |0000100100001000| 3 _ | 0100000100000100 | 3 | 


озјојо јој Go] Go | Go 
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Table H.2 - Substitution Conversion Table 


State 1 State 2 
8-bit 
msb Isb | State | msb Isb 


| 0 [0000010010000000 0000010010000000 
0000100100000000 0000100100000000 


Next 
State 
4 


State 4 


NE COR UNIS | 
Code Word Next Code Word Next 
msb lsb | State | msb Isb | State 


0100100001001000| 2 | 0100100001001000 
0100100001001000] 3 | 0100100001001000 
1 








3 [0000001001000000| 4 [0100010000000001 1000001000000000| 4 | 0100010000000001 
3 |0100100000000010 
3 |0100001000000000 1001000000100100] 3 | 0100001000000000 | 
| е | 0000000001001000 |__ 3 [0100100000000100 
0100000100000000 1001000000000100 
| 8 __| 0000000010010000 | 2 [0100100010010000 
| 9 [0000000100100000 2 [0100100000100100 1001000001001000 
0000010001000000 1001001001000000 
0000100010000000 

13 [0010001000000000| 4 [0010001000000000 1000100000000100| 3  |1000100000000100 
3 [0100100000000100 1001000010010000| 3 | 0100100000000100 | 
3 [0100100010010000 1001000100100000] 3  |0100100010010000 | 
3 — 10100001000000001 
3 [0100010000000010 0100100010001000] 3 | 0100010000000010 | 
0100100000100100 1001000010010000 
0100100100100000 1001000100100000 
| 20 [0000000100010000] 2 [0100100100100000 0100010001001000| 2  |0100100100100000 | 
0100100000010010 
0000010010000001 3 
0000100100000001 3 


0001001000000001 
0010010000000001 
0100010000000100 
0100000100000001 
0100010000000100 
0100001000000010 
0000100001000000 
0001000010000000 
0010000100000000 
0000010000100000 


0000001000010000 | 3 [0100010000010010 
0000000100001000 | 3 [0100100000010001 
0000000010000100 | 3 [0100000010000000 


0000010000100000 
0100010000100100 
0100010000100100 
0100100000100010 
0000010001000001 
0000010010000010 
0000100010000001 
0000100100000010 
0001000100000001 
0001001000000010 
0010001000000001 
0010010000000010 
0100100010010001 
0100100001000100 
0100010010010000 
0100010010010000 





еу Еу ОИ К К - | ко | бо | бо | A | | — ј о | 5 | 45 | 5 | == | до | elope - | - | - | -- | о | ој О | [к | бо ј О | 45 | 45 | 45 | 45 | Бо Ј 03 | 45 | Ко | 45 | - | — | 45 | ~ 


1 

3 
== 
1000100010010000| 3 | 1000100010010000 | 3 | 
0100100001001001 


1000100100100000 
1001000001000100 


1000100010010000 
1000100100100000 
1001000000001000 
1000000100000000 
1000100000001001 
1001000100010000 
0100010000001000 
1001000000100010 
1001000010010001 
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State 1 State 2 State 3 State 4 
8-bit 
byte Code Word Code Word Code Word Code Word 
msb lsb | State | msb lsb | State | msb lsb msb Isb 
1 100100001000100 | 2 11001000100100001] 1  |0100100001000100| 2 
1 [0100100100100001] 1 |1001001001000001] 1 [0100100100100001 | 
1 з |0100001000001001| 1 | 0100100100010000 | 
4 4 [1001001000100000 3 | 1001001000100000 | 
4 4 [1001000010001000] 2 | 1001000010001000 | 
3 _|1001000100010000] 2 | 1001000100010000 | 
2 |0010010001001000) 3 | 0100100100010000 | 
1001001000100000| 2 | 1001001000100000 | 
0100001001001000| 2 | 0100001001001000 | 
1 [0001001001001000 
0100001001001000 
0100010010001000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 





© 


3 
5 
6 
3 
5 
5 


5 
5 
5 
5 


57 


58 
5 


4 
9 
6l 
62 
6 

64 
6 


0000100100100100 010010010000100 0100100100001000 


0000100100000100 100001000000010 1000010000000100 
0000100000100000 100001000010010 1000010000100100 


2 | 


67 


0000010000010000 
2 
0100100000010000 
0100010001000100 
0100001000100100 
2 2 1000100001000100 
7 2  |0100001000000100| 3 2 

2 2 
77 2 _ |0000100000100000 | 2 
78 2 ! 
70 2 2 
2 [0000100100100100 | 2 
81 2 2 То ПЕНИ Ко КОА 
82 2 2 {1000010001001000] 2 | 1000010001001000 
83 2 2 |1000010010010000] 2 | 1000010010010000 | 
84 2 2 |1000100000001000] 2 | 1000100000001000 | 
85 2 2 [0100010001001001] 1 — | 0100010001001001 | 

2 2 
87 2 2 


0 
1 
2 
3 
4 


0100001000000100 
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AnnexI Optimum Power Control and Recording Conditions 


(normative) 


Optimum writing power 


The optimum recording power Pwo that should be used for recording a disc is dependent on the disc, the recorder and 


the recording speed. 


For the disc there are three main parameters involved: 


- The sensitivity of the recording layers to laser power at a given wavelength. 
- The change in sensitivity when the laser wavelength 15 changed. 
- The “pit-formation mechanism" in the recording layer, which is dependent on the applied layer technology. 


For the recorder the three main parameters involved are: 


- The dimensions and optical quality of the laser light spot at the recording layer. 
- The applied write strategy. 
- The actual wavelength of the laser when recording the disc (see Annex К). 
This wavelength depends on e.g.: 
- the type of laser, 
- the spread in wavelength for each individual laser of this type (and so for each individual recorder), 
- the actual write power, 
- the temperature of the laser. 


As the optimum writing power Pwo depends on the disc, the recorder and the recording speed that are actually used, 
this power should be determined for each recorder/disc combination at the actual recording speed. Such a 
determination of the actual optimum writing power Pwo is called an Optimum Power Control procedure (OPC 
procedure). 


Asymmetry and optimum writing power 


For different writing powers, the asymmetry of the recorded 8-to-16 modulated data is different. 

By test recording random 8-to-16 modulated data with different writing powers, and measuring the resulting 
asymmetry in the HF signal, the optimum writing power for the specific combination of disc and recorder at a 
specific recording speed can be obtained. 

Figure 1.1 shows schematically the procedure with the OPC and write strategy. The main signals that are influenced 
by the applied write strategy and power level are the modulation, the asymmetry and the jitter. In practice the 
asymmetry appears to be a sensitive parameter for OPC. An alternative measure for the asymmetry is D, which 
parameter is easier to handle. 
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Figure 1.1 - Schematical diagram of OPC procedure 
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Measurement of asymmetry by means of В 


Using the definition of asymmetry directly, may result in complicated recorder electronics. Therefore a different 
parameter is used as a representation of asymmetry. This parameter В is based on using the AC coupled HF signal 
before equalization. 


By definition: В = (Ај + A5)/(A, - А) as the difference between the peak levels Ај and А (АЈ +А5), normalized 
to the peak-peak value (A1-A5) of the HF signal. See figure 1.2. 


В defined in this way, will be approximately equal to the asymmetry. 


Zero asymmetry of the measured HF signal will, in general, correspond to В ~ 0. 
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Figure I.2 - AC-coupled HF signals recorded with different writing powers 


The OPC procedure 


To facilitate the OPC procedure, an indicative value (an estimation) for the writing power is given at several writing 
speeds (see 14.4.2). 


These values can not be used as the exact optimum writing power for the actual disc/recorder/speed combination, but 
can be used as a starting value for an OPC procedure. 


As the setpoint in the OPC procedure, the target В value indicated in 14.4.2 is used. 


The OPC procedure must be performed in an area on the disc that is specially reserved for this purpose: the Inner or 
Outer Disc Test Zone (see Table 8) 


Write strategy parameters at other speeds 

It is recommended that DVD-R recorders compliant with this document use the indicated test speeds as follows: 

- the Primary recording velocity indicates the lowest speed at which the disc has been verified for a specific write 
strategy, 

- the Upper recording velocity indicates the highest speed at which the disc has been verified for a specific write 
strategy, 


an estimate for the write parameters at any other speed (within the speed range and parameter set defined for the 
specific write strategy) can be determined by linear interpolation between the parameters at the Primary recording 
velocity and the Upper recording velocity as indicated in 14.4.2. 


Note: Disc Manufacturers should design media with a reasonable "linear" behaviour of the write strategy 
parameters over the speed ranges indicated in 14.4.2. 


1.4 


- 131 - 


Media margins at non-optimum write power 


To create some margins for practical accuracy requirements for drive implementations, the disc should allow for some 
deviations of the write power from the optimum values. Therefore the following specifications should be fulfilled 
(strongly recommended): 


For actual write powers Pw in the range 0,90xPwo to 1,05xPwo, and Pb = Pbo, the disc is recordable within all 
specifications. 
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Annex J Running OPC 


(informative) 


The correct writing power for the DVD+R disc is to be determined by means of an Optimum Power Calibration 
procedure as described in Annex I of this document. However, after this calibration, the optimum power may change 
because of: 


- power sensitivity fluctuation over the disc, 

- wavelength shift of the laser diode due to change in operating temperature, 

change of spot aberrations due to change in disc skew, substrate thickness, defocus, etc., 

changed conditions of disc and/or optics, when OPC was carried out a long time before actual recording. 


The purpose of a Running OPC is to actively monitor the mark formation process and continuously adjust the writing 
power to the optimum power that is required. During the OPC procedure, also a “Running OPC signal” may be 
obtained that can be associated with optimally written marks (for example using the instantaneously reflected light 
signal). Such a “Running OPC signal” can be used to maintain subsequent recordings at the same optimal level as that 
determined by the OPC procedure. 
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Annex K Wavelength dependency 


(informative) 


When organic dyes are used as a recording layer, the DVD+R disc characteristics are fundamentally wavelength 
dependent (APwo/Pwo is typical 1 to 3,5% per AA = 1 nm). On the other hand, the Laser Diode that generates the 
light used for recording and read-out of the DVD+R disc has a wavelength with a certain tolerance. Moreover, the 
wavelength of the light emitted by the Laser Diode will depend on the temperature of the device. 


This attachment intends to describe the tolerances in temperature and wavelength that are needed by the recorder. 
Furthermore the disc parameter (dP/dA)/(P/A) is introduced which can speed up the recorder in determining the 
optimum write power under the recorder's specific conditions. This parameter shall be indicated in the Physical 
format information in ADIP (see 14.4.2) 


Wavelength/Temperature behaviour of recorders 


Figure K.1 shows a typical Wavelength/Temperature diagram which can be considered as operating conditions for the 
disc. The disc should comply with all specifications for the unrecorded and recorded disc within the operating 
conditions as defined by the shaded area in Figure K.1. 
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Figure K.1 - Wavelength/Temperature diagram 
indicating the disc operating conditions 


Note: 
The temperature of the Laser Diode itself may be higher than the ambient temperature of the disc due to dissipation in 
the laser. In the graph of figure K.1, a constant temperature difference is assumed between the disc and the laser. 


Write power / Wavelength dependency of the disc 


In practice it is not easy to determine the write power dependency of the disc on the laser wavelength directly. What 
can be measured by using usual optical equipment is the absorption of the recording layer as a function of the 
wavelength. When assuming that the write power is inversely proportional to the absorption of the recording layer, the 
dependency of this absorption on the wavelength can be translated into a dependency of the write power on the 
wavelength. 
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K.2.1 Measurement of the absorption of the recording layer of the disc 


The absorption of the recording (dye) layer of the disc is determined by measuring the reflection and transmission 
versus the wavelength. For this purpose a parallel beam is used at a small angle to the normal on the disc surface. 
The wavelength is controlled by means of a monochromator. 


The measurements are performed on a mirror area at the inner side of the disc in order to prevent wavelength 
dependent diffraction of the light caused by grooved areas. 
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Figure K.2 – Definitions of reflectivity, transmission and absorption 


In Figure K.2 the following applies: 
(for the transparency of the formulas, the intensity of the incident beam 15 assumed to be normalized to 1 ) 
r, = reflectance of the entrance surface 
t. = transmittance of the substrate 
Е = reflectance of the recording layer 
A = absorption of the recording layer 
T = transmittance of the recording layer 


Ry, — total measured reflected light 








Ту = total measured transmitted light 
2 2 

1- Ка В, – 
FromR у =r, + | ts) the reflectance of the dye can be calculated: R = 055 7 

fi- ак (ltr Ry - 22) 

1-n)t.T , 1-r.t2.R 
and from Ту = Went T it follows that T — [uec 

тек (е) 


Because A+T+R=1, the absorption of the dye layer is given Бу: A=1-R-T 
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Determination of parameters for the Physical format information in ADIP 
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Figure K.3 - Example of absorption and power versus wavelength 


The absorbed power Px = Pw(A) x А(Х) is creating the marks in the recording layer. It is assumed that this power 

Px is more or less independent on the wavelength. In this case, Pw(A), a function of the wavelength А, can be 

determined from A(A) with the help of the following formula: 

РУ Олег) х AQ. ref ) 
АО) 





Pw(A) = ‚ in which Ру(А ер) is the measured write power at Aref- 


The parameter n = (dPw/dA)/(P_p/Anp) to be recorded in the Physical format information in ADIP can be 
determined from the power curve. dPw/dA shall be averaged over the wavelength range from 645 nm to 670 nm. 
Мур has been chosen to be 655 nm and Рур shall be Pw(Ayyp) as determined from the calculated power curve. 
The parameter (dPw/dA)/(Prxp/Agwp) is in principal speed independent. 


Determination of start power for the OPC procedure in a specific recorder 


The corrected power indication Poor at the actual wavelength of the recorder X | can be approximated by: 


actua 





Poor actual) = Pinp + Tx X (А аста! 7 Хур), in which as well Рур as dPw/dX are speed dependent. 


The value of dPw/d at a speed v1 can be calculated from the values specified in ADIP: 


(=) ee 
INDatv1 
ЧА иа = MIND ти 





The optimum start value of the power for the OPC procedure at а speed v1 can now be determined by the following 
formula: 
г n X PIND at v1 


start at vi(actual ) = PND at vi + X ^ (actual – Amp) 
IND 
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AnnexL Explanation about the usage of the reference servos 


(informative) 


In the DVD+R/+RW system descriptions the function of the reference servo is meant as a measuring system to 
determine some of the (dynamical) mechanical characteristics of the disc, which are important for the design of 
practical servo systems in commercial drives. 


Such practical implementations shall enable the drive to follow the mechanical deviations of the disc within rather 
small limits, to ensure the quality of the recordings made on the disc and of the read-out signals from such recordings. 
In general the tracking errors in the axial direction shall be smaller than 0,20 um and the tracking errors in the radial 
direction shall be smaller than 0,045 шп. 


Approximation of servo behavior 


The tracking properties of a typical second order servo can be expressed by the following formula: 


2 
ех x X(f) (for f << fo), where (1) 
0 


E(f) 1s the tracking error for frequency f; 
X(f) represents the amplitude of the related deviations, 
fis the frequency of the deviations, 


fo is the frequency where the open-loop transfer function of the servo crosses the 0 dB axis, 
c is a constant, which typically — 3. 
Assuming displacements that can be represented by sinusoidal components 
x(t) = X(f) x cos(2nxfxt) (2) 


it can be seen that the amplitude of the accelerations related to such displacements increase quadratically with the 
frequency of the displacements: 


a(f) »Qnx f  xXCf) (3) 


In these relations the frequency f of the deviations is proportional to the speed of the recording layer of the disc 
relative to the optical pick-up head of the drive. As a result, the accelerations will increase quadratically with the 
actual running speed of the disc. 


Limitations of servo systems 


In general servo systems have two limitations: 
- the stroke of the actuator is limited (Xļimit), determining the maximum allowed X(f), 
- the acceleration of the actuator is limited (ај), determining the maximum allowed а (f). 


At low frequencies a (f) will be small because of (3) and thus X(f) will be the limiting factor. 


; NE : І јок 
In the main part of the frequency characteristic of a practical servo system, from about f Ec NS upto 
T | A limit 


about fo, о (f) will be the limiting factor. By using the above formulas (1) and (3), the following relation between 


the maximum acceleration and the maximum allowed tracking error emax can be determined (for f < fg): 
2nxf, 
O max (f) = O on (4) 


For frequencies above fọ the servo system is not able to track any deviations, meaning that the deviations by 
themselves must be sufficiently small. 


L.2 


L.2.1 
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Considerations for practical measurements and practical servo implementations 


From the above approximations we see that at higher rotational speeds the consequences of deviations x(f) on the disc, 
such as tracking error and accelerations, increase quadratically with the speed (frequency), causing (too) severe 
requirements for practical servo implementations. For optimum system performance a good balance between disc 
specifications and drive capabilities 15 needed. At higher rotational speeds more severe requirements for the disc are 
needed to facilitate practical bandwidth values for the servos in the drive. 


However when measuring at the normal 1x conditions, such smaller disc deviations would lead to very small and 
consequently noisy error signals. By increasing the measurement speed to 50 Hz CAV and keeping the reference 
servo the same, the errors E(f) will be larger and can be determined more accurately. 


Another advantage is that such a measurement condition is much closer to the realistic situation in a practical drive. At 
higher rotational speeds, the “dynamic” deviations are more important than the "static" deviations which might Бе 
reduced due to stretching effects of the disc (such stretching effects especially have a positive influence on the axial 
deviations). 
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disc with practical drive with 
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measuring tool is high-speed drives 
reference servo need high-bandwidth servos 
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- 1x for quasi-static deviations «< оп maximum deviations 
- 50 Hz for dynamical deviations converted to real speed 


Figure L.1 - Illustration of disc measurement and drive design 


Translation of characteristics to other speeds 


For designing practical servo systems, needed to handle the discs at their aimed recording speed, the results 
measured at 1x CLV and 50 Hz CAV have to be translated to the related actual rotational speed of the disc. In this 
respect the acceleration 1s about the most useful parameter and, as has been seen, this is quadratically dependent on 
the rotational speed of the disc. Although not accurate, because the stretching effects that will make a disc appear 
more flat at higher rotational speeds are not taken into account, the following relation for the amplitudes of the 
accelerations at some specific radius R gives a good first order approximation: 


2 
Q at actual speed У 
= act ( 5) 





Ок at measurement speed V meas 
in which Vmeas = the Reference velocity (3,49 m/s) for the 1x CLV measurement condition, 
or Vmeas = 27 х 50 x R for the 50 Hz CAV measurement condition, 


апа іп which уас =n x 3,49 m/s in case of CLV applications (see also 9.5), 
ог Vact = 27 х frot X R in case of CAV applications. 
From the Oat actual speed the needed bandwidth now can be calculated: 


І [exa 
fo = t , (6) 
2nY e 


max 


where emax is the maximum acceptable tracking error for good recording properties. 
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Example calculations for axial tracking 
The following tables show the requirement under the measurement condition and the accelerations as can be derived 
from this requirement for the measurement condition, for the 1x reference speed, and for the real application speed 
(with the help of the indicated formulas). 
Basic requirements for all discs 
All discs for all recording speeds have to fulfill the basic requirements measured at 1x Reference velocity (CLV). 
Because of the relatively low rotational speeds these measurements reflect the (quasi-)static deviations of the disc. 


Axial run-out < 0,3 mm and axial residual tracking error < 0,13 шп 














speed radius 24 mm radius 585mm 
measurement 1x requirement етах < 0,13 шп етах < 0,13 шп 
condition СІМ |amax (4) 8 m/s? 8 m/s? 
—ÉÉ—————————————— T! 
Omax (5) 8 m/s 8 m/s 





Ix | needed for real 








О нат (Ој 1,7 kHz 1,7 kHz 
ушшш 
ion O max (5) 46 m/s 46 m/s 
application 
B 2,4x | needed for real 
dit : 0 
conditions enar 5020 1m 16) 4,2 kHz 4,2 kHz 
——— À—Ó———————' 
Omax (5) 128 m/s 128 m/s 
4 
X fo needed for real 7,0 kHz 7,0 kHz 























етах < 0,20 um (6) 





Additional requirements for all discs able to be recorded at speeds above 4x 

АП discs suited for recording speeds > 4x (not including those specified for recording speeds up to 4x) shall fulfill 
the following additional requirements measured at 50 Hz rotational speed (CAV). Up to 8x speed most of the disc 
15 still recorded in CLV mode, which means that an increase in axial deviations towards the outer diameter can be 
allowed (rotational speed reduces towards outer diameter). 


Axial residual tracking error x 0,20 um for radii < 29 mm 
and < 0,20 х (r / 29)? um for radii > 29 mm 









































speed radius 24 mm radius 29 mm radius 58 mm 
measurement 50Hz |requirement €max < 0,20 шп €max € 0,20 um €max < 0,80 шп 
condition CAV lama (4) 12 m/s? 12 m/s? 48 m/s? 
reference speed 1х Omax (5) 2,6 m/s? 1,8 m/s? 1,8 m/s? 

Ееее то ЧЕ —Á—€— ——— I пто M тото 
Omax (5) 113 m/s 
6,6 
X | needed for real фен 
application Стах < 0,20 шп (6) 
conditions Omax (5) si 113 m/s 113 m/s 
8x | needed for real 

énart020pm.. (6) --- 6,5 kHz 6,5 kHz 





1.3.3 


1.3.4 
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Additional requirements for all discs able to be recorded at speeds above 8x 


Additional to the requirements in L.3.2, all discs suited for recording speeds > 8x (not including those specified for 
recording speeds up to 8x) shall furthermore fulfill the following additional requirements measured at 50 Hz 
rotational speed (CAV). Above 8x speed (like e.g. at 16x) most or all of the disc is recorded in CAV mode, which 
means that the axial deviations at the inner diameter and the outer diameter have the same influence. 


Axial residual tracking error < 0,40 шп 























speed radius 24 mm radius 58 mm 
: €max € 0,40 um 2 
measurement 50Hz |requirement (бес Май below) етах < 0,40 um 
condition CAV 7 7 
Omax (4) 24 m/s 24 m/s 
— -– 
reference speed 1x Omax (5) 5,1 m/s 0,88 m/s? 
O max (5) 225 m/s 
6,6x  |fo needed for real 9.2 kHz 
application €max < 0,20 шп (6) see L.3.4 
conditions Отах (5) жс 225 m/s 
16x | needed for real u 9,2 kHz 
€max < 0,20 шп (6) see L.3.4 


























Note: as a consequence of L.3.2 and L.3.3 discs suited for recording at speeds above 8x shall fulfil the combined 


requirement: |. 0,20 um for radii < 29 mm, 
and | x0,20x(r/29)) um for radii 229 mm but «41 mm, 
and <0,40 um for radii 241 mm. 


Stretching effect at highest rotational speed 


When running at speeds of more than 3000 RPM the stretching of the disc has more effect than at the measurement 
speed of 3000 RPM (50 Hz). In general one can assume that the flatness of the disc improves, when going from 
3000 RPM to higher rotational speeds. This improvement is not included in the above used formulas and therefore 
the tables show the theoretical worst case situations. 


Due to such stretching effects in practical discs, the real Omax will be somewhat lower than the calculated worst 
case values, while locally also a slightly higher emax can be allowed, resulting in lower requirements for fp. 

In the case of 16x (210000 RPM) a bandwidth fg of about 8 kHz appears to be sufficient to handle discs that 
fulfil the requirements under the measurement conditions as shown above. 


1.4 


1.4.1 


L.4.2 
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Example calculations for radial tracking 


The following tables show the requirement under the measurement condition and the accelerations as can be derived 
from this requirement, for the measurement condition, for the 1x reference speed, and for the real application speed 
(with the help of the indicated formulas). 


Basic requirements for all discs 


All discs for all recording speeds have to fulfill the basic requirements measured at 1x Reference velocity (CLV). 
Because of the relatively low rotational speeds these measurements reflect the (quasi-)static deviations of the disc. 


Radial run-out < 35 um and radial residual tracking error < 0,015 um 









































speed radius 24 mm radius 58mm 
measurement 1х requirement €max < 0,015 um | emax € 0,015 шп 
condition CLV: ага (4) 1,1 m/s? 1,1 m/s? 
Omax (5) 1,1 m/s 1,1 m/s 
Ix | fg needed for real 
Bae OD uai O 2,0 kHz 2,0 kHz 
| Ee 
licati Omax (5) 6,5 m/s 6,5 m/s 
application 
un 2,4x | needed for real 
dit ; 0 
conditions enis 501045 uni. A6) 3,3 kHz 3,3 kHz 
о сето 
Omax (5) 18 m/s 18 m/s 
4x | needed for real 
страх < 0,045 pm (6) 5,5 kHz 5,5 kHz 








Additional requirements for all discs able to be recorded at speeds above 4x 


* at 1x the original specification shall be kept 


АП discs suited for recording speeds > 4x (not including those specified for recording speeds up to 4x) shall fulfill 
the following additional requirements measured at 50 Hz rotational speed (CAV). Up to 8x speed most of the disc 
15 still recorded in CLV mode, which means that an increase in radial deviations towards the outer diameter can be 
allowed (rotational speed reduces towards outer diameter). 


Radial residual tracking error < 0,025 um for radii x 29 mm 
and < 0,025 x (r/ 29? um for radii > 29 mm 






































€max < 0,045 um (6) 





speed radius 24 mm radius 29 mm radius 58 mm 
measurement 50Hz |requirement €max < 0,025 um | emax < 0,025 um | emax < 0,100 шп 
condition САУ (ошау (4) 1,9 m/s? 1,9 m/s? 7,5 m/s? 
reference speed Ix O max (5) 0.40 m/s? 0,27 m/s? 0,27 m/s? 

Omax (5) 17,6 m/s 
6,6 
‚ох | fo needed for real SABE 
application Стах $0,045 um (6) 
conditions Omax (5) --- 17,6 m/s 17,6 m/s 
8x | needed for real 


5,4 kHz 





5,4 kHz 








1.4.3 


L.5 
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Additional requirements for all discs able to be recorded at speeds above 8x 


Additional to the requirements in L.4.2, all discs suited for recording speeds > 8x (not including those specified for 
recording speeds up to 8x) shall furthermore fulfill the following additional requirements measured at 50 Hz 
rotational speed (CAV). Above 8x speed (like e.g. at 16x) most or all of the disc 1s recorded in CAV mode, which 
means that the radial deviations at the inner diameter and the outer diameter have the same influence. 


Radial residual tracking error x 0,055 um 




















speed radius 24 mm radius 58 mm 
: €max € 0,055 um 
оти e requirement (ae Nowe ete ) €max < 0,055 um 
condition 
O max (4) 4,1 m/s? 4,1 m/s? 
| се сее WI чки е с 
reference speed Ix O max (5) 0,88 т/5 0,15 m/s 
Omax (5) 38,7 m/s 
6,6 
X  |fo needed for real 8,1 kHz 
application етах < 0,045 um (6) 
conditions Отах (5) E 38,7 m/s 
l6x | needed for real 
0210045 um. (6) = SE 























Note: as a consequence of L.4.2 and L.4.3 discs suited for recording at speeds above 8x shall fulfil the combined 


requirement: |. 0,025 um for radii x 29 тт, 
and xX0,025 x (r / 29 um for radii 229 mm but <43 тт, 
and <0,055 um for radii 243 mm. 


Recommendations for drives when to record/playback at lower speeds 


The requirements for the disc as described above will not be easy to meet. Although disc manufacturers will be 
pushed to keep the specifications, some (small) part of their production might not completely fulfil all requirements. 
Especially at the outer side of the disc, the unflatness of the substrate/recording layer and the unroundness of the 
tracks might get worse. 


If, because of possible tracking problems, drives are not able to record/playback at the maximum speed, the drive 
should spin-down to a lower speed such as e.g. 12x or 8x. The maximum accelerations encountered by the drive will 
reduce quadratically with reducing speed, such that at 12x the maximum worst case accelerations that can be expected 
will be: 


2 
(2) x225 = 127 m/s? for the axial tracking system (not including any positive effects of the stretching), and 


2 
(2) x 38,7= 21,8 m/s? for the radial tracking system. 


The parameters for setting the write strategy should be derived from the values defined for the Primary velocity and 
the Upper velocity as specified in 14.4.2.3.3 by linear interpolation (see also annex I.3). 
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Annex M Measurement of the groove wobble amplitude 


(informative) 


Relation between normalized wobble signal and wobble amplitude 


The wobble amplitude in nm cannot easily be measured directly. However, it can be derived from the normalized 
wobble signal. The theoretical results for such a derivation are given below. 


The peak value of the wobble signal Iw can be seen as: 
IWp = A x sin(2 x nxa/p) 

where: 
a = wobble amplitude in nm 
p = track pitch of the radial error signal 


A = the peak value of the radial error signal 


In figure M.1 the parameters a, p, A and Iwp are shown. The groove has a peak displacement of 'a' (wobble 


amplitude) from the averaged centre of the groove to the actual centre of the groove. The normalized wobble signal 
can now be defined as: 


I 2xI 
we = УР _ si 2 XTX ај 
(h-5)y, 2x4 p 


where 





(fH - Ly) pp 2 xA 


The wobble signal Jy is not only dependent on the wobble amplitude a, but also the track pitch p. Due to 
normalization, dependencies on groove geometry, spot shape and optical aberrations have been eliminated. 


Tolerances of the normalized wobble signal 
From the above formulae for the normalized wobble signal, the tolerances as given in 28.4 can be converted to nm for 
a given track pitch of 'p' = 0,74 um. 


Lower limit: 0,15 corresponds to a = 18 nm. 
Upper limit: 0,25 corresponds to a = 30 nm. 
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Figure M.1 - Wobble amplitude of the groove 
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Annex N Light fastness of the disc 


(informative) 


Related documents: 

ISO 105-A02 Textiles - Tests for colour fastness - Part A02: Grey scale for assessing change in colour 

ISO 105-B02 Textiles - Tests for colour fastness - Part B02: Colour fastness to artificial light: Xenon arc fading lamp 
test 


Light fastness of the DVD+R disc should be tested with an air cooled xenon lamp and test apparatus under conditions 
complying with ISO 105-B02. 


Test conditions: 
e Black Panel Temperature : « 40°C 
e Effective humidity: : 70 - 80 90 
Disc illumination: 
e Through the substrate, normal incident. 
• Disc not packed, out of cassette. 


e The total exposure shall be such that the European Blue Wool Reference £5 shows a contrast between exposed 
and unexposed portions equal to grey scale grade 3 (see ISO 105-B02 and ISO 105-A02). 


Requirements after illumination: 


АП disc specifications must still be fulfilled. 


Remark: 


The change in color of the DVD-R disc is irrelevant for this test. 
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Annex O Transportation 


(informative) 


General 


As transportation occurs under a wide range of temperature and humidity variations, for differing periods, by many 
methods of transport and in all parts of the world, it is not practical to specify mandatory conditions for transportation 
or for packaging. 


Packaging 
The form of packaging should be agreed between sender and recipient or, in absence of such an agreement, is the 
responsibility of the sender. It should take into account the following hazards. 


Temperature and humidity 


Insulation and wrapping should be designed to maintain the conditions for storage over the estimated period of 
transportation. 


Impact loads and vibrations 

a) Avoid mechanical loads that would distort the shape of the disc. 

b) Avoid dropping the disc. 

c) Discs should be packed in a rigid box containing adequate shock-absorbent material. 


d) The final box should have a clean interior and a construction that provides sealing to prevent the ingress of dirt 
and moisture. 
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Annex P How to use the Physical format information in ADIP 


(informative) 


To fully exploit the Physical format information in the ADIP, the following rules are given as a recommended 
guideline (see also the flowchart in Figure P.1). 


Drives should read the ADIP and check for the following information: 


1) check the Disc Category in byte 0 


= determine if the disc is a DVD+R or DVD+RW disc, also check if the disc is a single layer or a dual layer 
disc; use the related book (see clause 3) for further interpretations. 


Drives shall respect the Disc Application Code: 


2) check the Disc Application Code in byte 17 


— if the drive is not able to obey the rules related to a specific Disc Application Code, the drive shall block 
the disc for recording. 


If the drive can do "media recognition" (i.e. the drive can uniquely determine the manufacturer and the type of 
the disc and has optimum sets of write parameters for certain discs in its memory): 


3) check for Disc Manufacturer and Media Type ID (bytes 19 to29) 
— choose the optimum write strategy for this specific media from the drive's memory. 
If the drive fails to recognize the media: 
4) check the version number in byte 0 
= if the version number is unknown: do not use the contents of bytes 32 to 63, 
= if the version number is known: interpret bytes 32 to 63 according to the correct book version. 
5) check byte 18 for the presence of Extended Information blocks 
= if no EI blocks are present: only basic write strategy is available. 
If EI blocks present: 
6) check the Format number in each present EI block 
= if the Format number is unknown: do not use the contents of the related EI block, 


= if the Format number is known: interpret the EI block according to the correct book version. 


Now the drive can choose the best fitting recording speed and write strategy from the available options: 
= basic write strategy (1x ~ 2,4x) as defined in bytes 32 to 63, 
— write strategy from one of the known EI blocks, 


= for each available write strategy the drive should check the actually supported recording speeds indicated 
in the related bytes (supported recording speeds can be adapted in future versions of this document). 





start 
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Disc Category Unknown 


(byte 0) 





+R or +RW, SL or DL 


Retrieve disc characteristics: 

- byte 1: disc size 

- byte 2: disc structure 

- byte 3: recording density | 

- byte 4-15: Data Zone allocation 
- byte 16: General Flag bits 

- byte 17: Disc Application Code, 















Drive familiar No 


with DAC (byte 17) 






Drive can do 





Man.& type ID 
(byte 19-29) 


Known 








Drive has optimum 
write strateg! 
parameters for 
this specific disc 













choose optimum 
write strategy 
for disc/drive 
combination 











Unknown 


"media recognition" 



















Unknown (basic write 
strategy is not applicable) 





Version number 
(byte 0) 


00 








El indicators 
(byte 18) 


El indicators 
(byte 18) 





EI block 
format number 


EI block 
format number 


Retrieve basic 
write strategy: 


- speed range 
- write strategy 
parameters 


- speed range 
- write strategy 
parameters 








choose choose choose 
best fitting speed | | optimum speed| optimum speed 
and write strategy and strategy and strategy 
(from basic or EI) from basic from EI 


stop 























writing 








Note: in future more than one EI block can exist on one disc! 


Figure P.1 - Flowchart showing the use of Physical format information in ADIP 


Annex О Values to be Implemented in Existing and Future Specifications 


The values for bytes which this System Description specifies are related to Recordable discs which are in 
conformance with this System Description, viz. DVD+R Format discs. It is expected that other categories of DVD 
discs will be standardized in future. It 15 therefore recommended that the following values be used for these other 
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(informative) 


DVD discs. Further possible bit patterns are intended for future standardization. 


АП standards are subject to revisions, so the information in this annex can be subject to changes. Therefore it is 
recommended to check this information against the most recent edition of the indicated standards. 


Identification Data 


Bit Б5] 


Ви 530 


Ви 559 


Ви bog 
Bits 527 10 526 


Ви bos 


Bit bo4 


Bits b23 to bo 


shall be set to 


ZERO, indicating CLD format 
ONE, indicating Zoned format 


shall be set to 


ZERO, indicating pit tracking 
ONE, indicating groove tracking 


shall be set to 


ZERO if the reflectance is greater than 40 % with a PBS optical system 
ONE if the reflectance is less than 40 % with a PBS optical system 


Reserved, shall be set to ZERO 
shall be set to 


ZERO ZERO in the Data Zone 
ZERO ONE in the Lead-in Zone 
ONE ZERO in the Lead-out Zone 
ONE ONE in the Middle Zone 


shall be set to 


ZERO, indicating read-only data 
ONE, indicating other than read-only data 


shall be set to 


ZERO on Layer 0 of DL discs, 
ONE on Layer 1 of DL discs, 
ZERO on SL discs. 


shall specify the Physical Sector Number 


- 154 - 


Physical format information in the ADIP in the Lead-in Zone 
Byte 0 - Disc Category and Version Number 
Bits b7 to b4 shall specify the Disc Category 


if set to 0000, they indicate a DVD - Read-Only disc (DVD-RO) 
if set to 0001, they indicate a DVD Rewritable disc (DVD-RAM) 
if set to 0010, they indicate a DVD Recordable disc (DVD-R) 

if set to 0011, they indicate a DVD Re-recordable disc (DVD-RW) 
if set to 1001, they indicate a DVD+RW Single Layer disc 

if set to 1010, they indicate a DVD+R Single Layer disc 

if set to 1101, they indicate а DVD+RW Dual Layer disc 

if set to 1110, they indicate a DVD+R Dual Layer disc 





Bits b3 to bg shall specify the Version Number. Together with b7 to by they specify the related document. 


if b7 to b4 set to 0000 and b3 to bg set to 0001, they specify ECMA Standard 267/268 (DVD-RO) 
if b7 to Ба set to 0001 and b3 to bo set to 0001, they specify ECMA Standard 272 (DVD-RAM 2,6 GB) 
if b7 to Ба set to 0001 and b3 to bọ set to 0110, they specify ECMA Standard 330 (DVD-RAM) 
if b7 to Ба set to 0010 and 63 to bo set to 0001, they specify ECMA Standard 279 (DVD-R 3,95 GB) 
if b7 to Ба set to 0010 and 63 to bo set to 0101, they specify ECMA Standard 359 (DVD-R) 
if b7 to Ба set to 0011 and b3 to bọ set to 0010, they specify ECMA Standard 338 (DVD-RW) 
if b7 to Ба set to 1001 and b3 to bo set to 0001, they specify ECMA Standard 274 (+RW 3,0 GB) 
if b7 to b4 set to 1001 and 63 to Бо set to 0010, 
they specify the DVD+RW System Specification, part 1, volume 1 (SL, 2,4x & 4x) (ECMA 337) 


if b7 to Ба set to 1001 and b3 to bo set to 0011, 
they specify the DVD+RW System Specification, part 1, volume 2 (SL, 8x) (ECMA 371) 
if b7 to b4 set to 1010 and b3 to бо set to 0001, 
they specify this document (DVD+R System Specification, part 1, volume 1 (SL, 1x to 16x)) (ECMA 349) 
if b7 to Ба set to 1101 and 63 to bo set to 0001, 
they specify the DVD+RW System Specification, part 2, volume 1 (DL, 2,4x) (ECMA 374) 
if b7 to b4 set to 1110 and b3 to бо set to 0001, 
they specify the DVD+R System Specification, part 2, volume 1 (DL, 2,4х & 3,3~8х & 6,6~16x) (ECMA 364) 











Byte 1 - Disc size and maximum transfer rate 
Bits b7 to b4 shall specify the disc size 


if set to 0000, they specify а 120 mm disc 
if set to 0001, they specify an 80 mm disc 


Bits b4 to Бо shall specify the maximum transfer rate 


if set to 0000, they specify a maximum transfer rate of 2,52 Mbits/s 
If set to 0001, they specify a maximum transfer rate of 5,04 Mbits/s 
If set to 0010, they specify a maximum transfer rate of 10,08 Mbits/s 
if set to 1111, they specify no maximum transfer rate is specified. 


Byte 2 - Disc structure 
Bit bz shall be set to ZERO. 
Bits bg and bs shall specify the disc Type 


if set to 00, they specify a single recording layer per side 
if set to 01, they specify two recording layers per side 
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Bit b4 shall specify the track path 


If set to ZERO, it specifies PTP on DL discs or a SL disc, 
If set to ONE, it specifies OTP on DL discs 
Bits b4 to Бо specify the layer type 
Bitb4 shall be set to ZERO 
Bit b) ifsetto 


ZERO, shall specify that the disc does not contain re-writable Data Zones 
ONE , shall specify that the disc contains re-writable Data Zones 


Bitb, ifsetto 
ZERO, shall specify that the disc does not contain recordable Data Zones 
ONE , shall specify that the disc contains recordable Data Zones 


Bit bọ if set to 
ZERO, shall specify that the disc does not contain embossed Data Zones 
ONE, shall specify that the disc contains embossed Data Zones 


Byte 3 - Recording density 
Bits 65 to bg shall specify the average Channel bit length 


if set to 0000, they specify 0,133 um 

if set to 0001, they specify 0,147 um 

if set to 0010, they indicate that this average length is in the range 0,205 um to 0,218 um 
if set to 1000, they specify 0,176 37 um 


Bits b3 to bg shall specify the average track pitch 


if set to 0000, they indicate a track pitch of 0,74 um 
if set to 0001, they indicate a track pitch of 0,80 um 


- 156 - 


This page is intentionally left blank 


- 157 - 


List of Changes 


Differences between System Description DVD+R 4,7Gbytes: 


Basic Format Specifications, version 1.31, September 2007 
and Basic Format Specifications, version 1.3, July, 2004 


Main changes: 
- this System Description does not include any major changes, 
- the following list shows minor changes that may be relevant for the system, 


- trivial corrections and minor editorial changes are not mentioned. 


84 Clause added to main body of clarification 

document. 
Reference servos raised one clarification 
chapter level 

11.4.1& | Tracking requirements to be clarification 

11.4.2 measured on blank discs 

11.5.1 & | Tracking requirements to be clarification 

11.5.2 measured on blank discs 


16 
17 


14.4.2.1 Byte 0 — bits b3 to 60: Byte 0 — bits b3 to БО: extension 
version number 0000 may be --- 
used for test discs 


14.4.2.1 Byte 16 - bit b5: Byte 16 — bit b5 to БО: extension 
reserved for use in Control Data | 00 0000 
Zone 
bit b4 to БО: 
0 0000 

14.4.2.3 Possibility for Continuation extension 
blocks added. 
Bit b7 used for this purpose 

14.4.2.3.1 | Byte 64: Byte 64: extension 
... Continuation bit / Format ... Format number 
number 

14.4.2.3.2 | Byte 96: Byte 96: extension 
... Continuation bit / Format ... Format number 
number 


52/ | 14.4.2.3.3 | Byte 128: Byte 128: extension 

53 ... Continuation bit / Format ... Format number 
number 

61 17.6.2 Use of Recorded Area Indicators | --- simplification 
is made optional 

62 Fig 25 Buffer Zone 2 Buffer Zone 2 may be used for 
512 Physical Sectors 512 Physical Sectors VCPS 
ССК with Main Data set to (00) 
































clause version 1.31 version 1.3 
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64 18.8.1 Byte 16: Byte 16: extension 
bit b5 used for indication of bits b5 was 0 
VCPS 
65 18.9 VCPS information only to be --- clarification 
recorded when requested by 
host/application 
Whenever Buffer Zone 2 has --- 
been recorded, also the first ECC 
Block of the Data Zoen shall be 
recorded 
70 23.1 ЌЕ а clarification 
Once the first ECC Block ofthe | Buffer Zone B ofthe Intro (or 
Data Zone is recorded, also Buffer Zone 2 of the Lead-in 
Buffer Zone B of the Intro (or Zone in case of the first Session 
Buffer Zone 2 of the Lead-in on a blank disc) shall be 
Zone in case of the first Session) | recorded at the same time the 
shall be recorded. first ECC Block of the Data 
Zone is recorded. 
76 25.2 Physical Sectors 4 to 15 / Physical Sectors 4 to 15 / also less than 3 
bytes DO to D2047: bytes DO to D2047: repetitions are 
Repetitions of Sectors 0 to 3 or | 3 Repetitions of Sectors 0 to 3 or | allowed 
all Reserved all Reserved 
118 |G3 (V 232 or 40 depending on ће | (V is depending on the max clarification 
applied write strategy; see recording velocity of te disc) 
14.4.2.3.2 and 14.4.2.3.3) 
147 | Annex М | improved text --- clarification 
154 |Аппехо | Byte 0: --- clarification 


update of all DVD systems 


























Amendments for DVD+R/+RW System Descriptions 


Applicable to 


e DVD+R: 
DVD+R 4.7 Gbytes, part 1: Single Layer, volume 1: 1X to 16X Basic Format 
Specifications version 1.31, September 2007 

e DVD+RW: 
DVD+RW 4.7 Gbytes, part 1: Single Layer, volume 1: 2,4X & 4X Basic Format 
Specifications version 1.31, September 2007 

e DVD+RW HS: 
DVD+RW 4.7 Gbytes, part 1: Single Layer, volume 2: 8X Basic Format Specifications 
version 1.01, September 2007 

e DVD+R DL: 
DVD+R 8.5 Gbytes, part 2: Dual Layer, volume 1: 2,4X to 16X Basic Format 
Specifications version 1.21, September 2007 


e DVD+RW DL: 
DVD+RW 8.5 Gbytes, part 2: Dual Layer, volume 1: 2,4Х Basic Format 
Specifications version 1.01, September 2007 





DVD+RW, DVD+RW HS, DVD+RW DL, DVD+R and DVD+R DL: 
3 References 


Added text: 
AACS: Advanced Access Content System (AACS), Blu-ray Disc Recordable Book, 
AACS LA LLC. 
AVCREC: System Description AVCREC Rewritable Format, Blu-ray Disc Association. 


DVD+RW, DVD+RW HS, DVD+RW DL, DVD+R and DVD+R DL: 
4 Definitions 


Added text: 
AACS 
AACS defines a method to prevent unauthorized copying and/or redistribution of video data that 
is recorded in the AVCREC Video Format. 





DVD+RW, DVD+RW HS, DVD+RW DL, DVD+R and DVD+R DL: 
14.4.2.1 General information – Bytes 0 to 31 


Byte 16 — General Flag bits 


Text to be replaced: 
Bits b, to by are reserved and shall be set to 0 0000 





New text: 
Bit b4 is reserved for use in the Control Data Zone and shall be set to ZERO 
Bits бз to бо are reserved and shall be set to 0000 





DVD+RW and DVD+RW HS: 17.11.1 Physical Format information 
DVD+RW DL: 17.10.1 Physical Format information 
DVD+R and DVD+R DL: 18.8.1 Physical Format information 


Byte 16 — General Flag bits 


Text to be replaced: 
Bits b4 to bọ same as 14.4.2 





New text: 
Вир, shall specify if Buffer Zone 2 in the Lead-in Zone contains AACS related information, 
it shall be set to 0, indicating no AACS related information is present in Buffer Zone 2, 
it shall be set to 1, indicating Buffer Zone 2 contains AACS related information as defined 
in the AACS System Description (see clause 3) 


Bits бз to bọ same as 14.4.2 





DVD+R and DVD+R DL: 18.8.1 Physical Format information 
Byte 16 — General Flag bits 


Text to be replaced: 
Note: When closing the first Session, drives not designed to handle VCPS might set bit b; = 0 even 
when Buffer Zone 2 contains VCPS related information (recorded before by some other drive). 


New text: 
Note: When closing the first Session, drives not designed to handle VCPS or AACS might set bit b; 
and/or bit b, = 0 even when Buffer Zone 2 contains VCPS or AACS related information (recorded 
before by some other drive). 





DVD+RW and DVD+RW HS: 17.12 Buffer Zone 2 
DVD+RW DL: 17.11 Buffer Zone 2 


Text to be replaced: 
This recorded Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. During use of the 
disc VCPS related information may be recorded to these 32 ECC Blocks, according to the 
specifications given in the VCPS System Description (see clause 3). If no VCPS related information 
is copied to these locations then the Main Data of the Data Frames in this Zone shall be set to all 
(00). 


New text: 
This recorded Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. During use of the 
disc VCPS or AACS related information may be recorded to these 32 ECC Blocks, according to the 
specifications given in the VCPS System Description respectively the AACS System Description 
(see clause 3). Such VCPS or AACS related information shall only be recorded when requested by 
the host/application. If no VCPS or AACS related information is copied to these locations then the 
Main Data of the Data Frames in this Zone shall be set to all (00). 





DVD+R and DVD+R DL: 18.9 Buffer Zone 2 


Text to be replaced: 
This recorded Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. During use of the 
disc VCPS related information may be recorded to these 32 ECC Blocks, according to the 
specifications given in the VCPS System Description (see clause 3). Such VCPS related 
information shall only be recorded when requested by the host/application. If no VCPS related 
information is copied to these locations then the Main Data of the Data Frames in this Zone shall 
be set to all (00). 


New text: 
This recorded Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. During use of the 
disc VCPS or AACS related information may be recorded to these 32 ECC Blocks, according to the 
specifications given in the VCPS System Description respectively the AACS System Description 
(see clause 3). Such VCPS or AACS related information shall only be recorded when requested by 
the host/application. If no VCPS or AACS related information is copied to these locations then the 
Main Data of the Data Frames in this Zone shall be set to all (00). 


DVD+RW: Annex M, Figure M.1 
DVD+RW HS, DVD+RW DL: Annex N, Figure N.1 
DVD+R and DVD+R DL: Annex P, Figure P.1 


Flowchart showing the use of Physical format information in ADIP 


Text to be replaced: 
- byte 16: (N)BCA descriptor 


New text: 
- byte 16: General Flag bits 
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